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This listing of claims will replace all prior versions, and listings, of claims in the application. 

1 . A method of forming a tubular liner within a preexisting structure, comprising: 
positioning a tubular assembly within the preexisting structure; and 

radially expanding and plastically deforming the tubular assembly within the preexisting 
structure; 

wherein, prior to the radial expansion and plastic deformation of the tubular assembly, a 
predetermined portion of the tubular assembly has a lower yield point than 
another portion of the tubular assembly. 

2r. I-he-method-of-^ 

a-fteFthe-fadial^ 

2. Anjexaandable tubular membericomprising a s teel alloy comprising, by weig ht 
percentage, the following: 

0.065 to 0.18% C. 
0,006 to1.44%Mn. 
0.006 to 0.02 % P. 
0.001 to 0.004% S. 
0.24 to 0.45% Si. 
up to 0.16% Cu. 
0.01 to 9.1% NL and 
0.02 to 18.7% Cr. 

3. The-me th od o f c laiffl~4 T ^whefe4^ pr edeter min ed p o rti o n o f t h e t u bular a s s e mb l y has a 

j^e^fac tilitv p rio r to t he An expandable tubular member, wherein the yield point of the 
expandable tubular member is at most about 46.9 to 61.7 ksi prior to a radial expansion 
and plastic deformation-than: and wherein the yield point of the expandabl e tubular 
member is gt least about 65.9 to 74.4 ksi after the radial expansion and plastic deformation. 

4. -fte-me#^d of claim 1, An expandable tubular member, wherein the p r e d e t er mi ned 
portion afield point of the expandablej ubular asse!^ly^as^ewe^ield-pGlf^pReF4e 
fee membei_Mtex,a radial expansion and plastic deformation than aft eris at least about 5.8 to 
40J ^reater than the yi eld point of the expandable tubular member prior to the radial 
expansion and plastic deformation. 
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5. ^M^e#^d~^ expandable tubular member, wherein the fire€teiefmined 
peFtion anisotro&Y of the expandable tubular assembJy~ha-s^~lai^MRskle-diamet-ef 
aftef memb er. prior to the radial expansion and plastic deformation4taf^afo^ 
tub^apasseff^ ranges from about 1.04 to at least about 1.92. 

6. Tbe-m eth o d of c l aim 5, fu rtt^^ef-eompff&fi^ 

p o sit i on ing a n o t he r tu bula r ass o m bly- within th e pr ee xisting structure in ove rl apping 

fetetiofOo4be t ubu l a r as se mbly; and 
radially exp anding and plastically deforming tho oth o r tubular ass e mbly within th o 

pre e xisting structur e^ 
w-befeifv^oM^ 

pfedeteroinea-^^ tubular a ssemb ly h as a l o w €HP-y4eld-po i n t th an 

anotbef-portten-of the o thor tubula r assemb]^ 

7~. TteH^ethed^^ inside diameter e^tl^ra4iaj^xpande4-a^ 

plas#eaHy-4ef9Ffm€t-9tbeFpQrti o n of tho tubul a r assembl y is e qual to the ins i de di am oter^be 
fa4ia)ly-~exp3Rd 

& The m e t h od of cl a im 1 , who r oin t be-pfedetermified-pe rtion of the tubul a r assembly 



& The method of clafffl-4^wbemif^ of the tubular assembly 



comprises a p l ur ality of pred o t efmme d port i ons of th e tubular a ss e mbly . 

The m e thod of claim 1, who reifi4he pr e determin e d portion of th e tubular as sembly 

oomfiFise-sa-p^^^ i ned por t ions of th a4^bulaFnassambjyr 

44, Tbe^etbed-ef^aiFh^^ 

end-po rt i o n o f tbe4bfbutar assemb l y ^ 

4i Tbe^ : y^od^Glaiffl-4 T ^ the o t h o r p offen- o f th e t ubu l a f^assembjy^GOfnprisesa 

4^ Tbe^etbedns^ete^ 




iblyr 
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pluraltty^f-spaeed-apa^ 

44, — ^^e-met hod of cl a i m 1 1 wh e rein the tubular assembly comp rises a - p l ur al ity of tubul ar 

4-&~. The me th od o f claim 14, w h er ei n th e tubul a r couplings comprise the pred e te rm in e d 

po rti ons of th e t uiwta^assemb ly ; a n d wherein th e tub ular m e mb e r s comp ri s e th e oth er po rt ion 
e£4hetubular assembly 

4& The-method of c l aim-14 r ^ 

pr e determined po rti ons of t he tubular as s embly. 

47^ Tbe~methe d of clai m-44 T ^hefeifr Qno or m ore of the tu bular mem b ers eemprise4he 

^detefmffled-port i o ns o f t h e4ubfc*l a r a ss e mb ly. 

4& T-he-methed-o^eiaim 1 ; wbefein4he-pf edete to i n e d portion of the tubular a ss embly 

defines one or more epeni n gsr 



20- — ^r&^^q^g^ 

t u bular as s e mbly is gr ea ter than 1 r 

2-A-. — — £be-methed o f c l a im 1, wh e r e in th e anisotropy for th -e-pfede-termined poftioFhof4he 
tubu lar assemb-ly4s^reateF4>^B-4T 

portion of th e tubular a sse mbly is g reate r than 0.12. 

2^ — --Tfre^nethed-^ p o rti o n o f t h e 

tubyfaf-as€^mbl^4^ 

firedotemwed-po rtion ef th e tu bu{a^^ semb ly4s~ffleato 

24, — — The-methed-o^Gla i m 1, wherein- th e predetemRined-pGrti on of the-tubu la ^assembly 
comprises a first s t eel alloy comprising: 0.065 % C, % Mn, 0.01 % P, 0 . 0 0 2 % S , 0.24 % 
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Si, 0.01 % C u, 0 .01 % Ni r^d-QrQg-^-Gfr 

2&-. T he m e thod of claim 2 A , w herein the y ield poi n t o f t h e predete r m ined p ort ief 

tu bu l ar as s e mbly i s at most about 46.9 ksi prior t o the radial expansion and plastic d G 
an d w h e rei n -the yi eld p o i n t of th e pfedetermi n ed port i on of the tubul a r ass e mbl y is at least 
abebrt-^^9-ksi^ 

2Q-. The m e t h od of claim 2 4 , wherein the yield point of th e pr e det e rmined portion of th e 

tub ula r ass e m bl y af t e r th e ra dial e xpans i on a nd pl astic d e formation is at l e ast about 40 % 
greater than-fee-yield point crf4he-i3fedetem^ assembly pri o r t o t h e 

ra d ial e xp ansio n and plastic deformatio n 

27, Tfre-met h od o f clai m 24 , wh erein the an i s o t rep y o f th e pr edete rmin e d p ortion of th e 

tub^Fassemblyr^Rer t o t he r a di a l exp a n s io n a nd p tastio-defefmat i on, i s aboy£4r4§r 

28, The metho d of cl aim 1, w herein the-predetermined-po rtio n o f t he tu bul ar assem b ly 

co mp ri s es a seco n d steel all o ^empfisffi g : 0.1 8 % C, 1.28 % Mn, 0.017 % P, 0.0 Q4-%-St^2Q 

% Cu, 0.01- % N i, a nd 0.03 % C r. 

29-. The-method-G^ 

and wherein the yield point of th e p ro d otor min e d p ortion of th o t ubular asse mbly is at le ast 
3beu^7-4r4-ksi af t er the radial expansion and plastic defor-ma£eRr 

3& Tbe-ffiethod-e£otaim^ 

tu b ul ar a ssem b l y a fter t h e r acti al e xpansion and plastic d e form a tion is at l east a b o ut 2 8 % 
§feate^tten4l^eyiel d point of to e-firedetepfmR m b ly pr i or to fe e 

radial expa n s i on an d plastic de fo f m ation. 

3+: The-method o f cl ai m 2 &H^r ein th e an isotfop^o^e p r e d e term me^CH^tion-of-tto 

tubutepassemblyr^^ n and plastio-defofmat i on, is ab OBt4r04r 

T^e^ethod-o^olaifR-4rW^ tub ular assembly 

com p ris e s a th i rd s t ee l al tey-ooffi^Fisffig4-Qr0 8 % C, 0 .82 % - M n, 0.006 % P, 0.003 % - S, 0.30 % 
Si, 0.16 % Cu, 0.05 % Ni, and 0.05 % Cr. 
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33, W^e^ette4^*^H^ 

fatolai^assembl y , prior to the r a di a l e x pansion a nd-^ astic deformation, is 

34, Th e m e thod of c l aim 1, w herein the pred e te rm i n ed p o rti o n of t he t u bu l a r as s embl y 

G8ffp%es-a48^^ 1,31 % Mn, 0.02 V P, 0.001 %^g T -& T 4§-% 

Si, 9.1 % Ni, a nd 18 . 7 % Gf, 

3§, Tbe-me th od of claim 34, wh oro in th e anisotropy of th e p r e d eter min e d portion of tho 

tubuia^^ is ab out 1.34. 

3§, T-he-meth0d--0f^iaim 

tub u l a r as s embl y is at mo&t-about 16. 9 k s i pri or to t he r a d4al~ex pansion and pla sfe^efofm^fefH 
arfd-^herein t he yi eld pom4-e£4he prede t errrH-ne^ofti on of the tubular a ssembl y is at least 
ab0Ut-§5rQ-ksh aft e r the radial e x franstef^aftd-^la^ 

37, Th e m et h o d of claim 1 , wberein t he yie ld p o i n t of the pr e de t e rm in ed p o r ti o n of the 

tobu4a-f^asse mb l y after th e r a d ia l expansion^a^plastic d e for m at i on i s at leas^ab o ut 40 % 
greater th a n t h e yie ld p oint of th e pr e d e t er min e d p ortion of th e tub ular a ssembty-fi4ef4e4be 
r-a d ial expansio n and p l a s t i c de f ormation 

35, The metho d of cla i m 1, w he r e in th e anisotr opy of the predete rmine d por ti o n of t he 

iubfcfe-t^sseffl^ to the r a dial expamioff-and^iasfedefefmat-ion , is at lea st about 1 .48. 

3£, The^efeod-o^o]alffh4 T - w here in tbe^4et4^o in t of the p redetefmifte d portion of the 

t u bul ar as s e m b ly is a t most about 57.8 ksi prior to th e rad i a l expan s i o n and pl es ti c deformation; 
and^-whereifvfe-e-yield-^ofn-t o f t h e pre4eteTOffled-port-ien-o£4he tubular ass e m bl y is a t jeast 
a bo u t 74.4 ksi aft e r the r adial e xpa nsio n a nd plas t i c d eformati on . 

40, Tbe-method of claim 1, wher e in t be yield p oi nt of th e ^ redetef m in ed p ortion-of4he 

tubu-la-E-assemb ly af t er tbe-r a dial expafisior^nd-^lastfo-defonTO about 28 % 

grea-tep4han the yi e ld-point of the j^^em^ 
r-adiat-expafision-and p l astic defofmatierK 

44, Tbe^etbodHE^aim-4^ 
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tuteular-assembly-prie^ 

42, T he me th o d of claim 1, wh e rein the anis otro p y of the predete rm i n e d p ortion of th e 

tubular asse mbly, prio r to t he ra dial e xpansion and plastic deformation, is at least about 1. 92. 

46 Th e method of c l aim 1 , wh e r e in the an i sotropy of th e pr e d e termined port i on of the 

t ub u l ar assembly , p r i o r to -tbe r ad i a l ex pans i o n and -fitasfe^efepm ati on, is at lo ast about 1 .34 ■ 

44 T h e m e t ho d of claim 1, wh ere in th e an isotr o py of t h e pred et er min e d p o rt i on o f t ho 

tub-uta^a^sembly, prior to tl^fa €tial-expaR&io n a n d pteefe-defefmation, raR§es4rem-a-bo ut 1 .04 
to about 1.9 2r 

4§: The-me th od o f G tero-4-r Wher ein th e yiel d p oi nt of th e- p fedeterotoed-^^ 

tub^ta-f^ssembl-y T --pr-iQr to the ra d ial exp an sio n and pla st te-defefmatien, ranges from-a-be^M-T^g 
ks i t o a bou t 6 1.7 k s i . 

4Q~. The method o f claim 1, whe r ein th o oxpandab il ity c o ef fic ie nt o f th e p rede t e rm ined 

porti on of the tubul ar ass e mb l y, prio r to t h e-ra4ial^pafts4o^^n4^a€ t i c de f orma t ion, is greater 
tha n 0.12. 

47- : The metho d of claim 1 , wherein the expandab i lity coeffic i ent of the predet erm i ne d 

portion of the tu bular assembly is greate r t han the e x p an dab i lit y c oef ficien t o f the o t he r po rti on 
e f the tu b u l ar assemb l y. 

4& Tfre-m ethod o f c laim 1 , wherein th e t u bular a ssembly com p ffees-a^Afetteefe-€asffi§r 

49. The-met-hed-ef-Glalm 1 , wh eFei n the tubu laf^assem&l^omp ris e s a p ipe-feer 

The metho d o f claim 1 , wher e in th e tubular ass e m bl y comprises a struct ural su p po rtr 

§4. AFvexpaf*daWe4ute^^ 

M^Qm^r~&r&QQ2 % S, 0.2 4 44 ) Si, 0. 01 o/ e-Cu^OrQ^- ^i, and 0.02 % Cr. 

Th e tubular member of claim 51 , wh e rein a yield point of the tubular memb e r is at most 

ateeut-4§r94^^ 
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tke tu b ular member is at least a bout 6 5 . 94^^fte^tfre-ra4ial^ pl a s tic d e f or mat ion: 

§3, The tubular m e mb e r o f c laim 51 , wherein the yield poi nt of the tubular m ember af ter the 

t he tubular m ember- p rior to the ra d ial exp a n si o n a n d pl a stic def o rma tion 

§4, T h e tubular memb e r of cl a im 51 , whe rei n th e anisotropy of th e tub u lar m emfe er , p rio r t o 

a^^a^xpansien^nd^taette-de f o rm a t io n , is a boui^M^ 

§§, T h e tu bu l ar m e mb e r of c l a i m 5 1 , wher e in the tubula r mem ber compris e s a w e l l bor e 

ea si ng. 

Th e t u bu laf-member o f cl aim 51 , wh erein4be tu bu la r mem bef^mfirtees-^plfieilner 

§7^ The4ubula^fflembe r of cl aim 5 1 , wherein the tubular membef-eompfises a s truct ural 

58, An-expendable tu b ular m em b er c o m pri si ng a steel a l ie^oo m p r i sing: 0.18 % C, 1 .2 8-% 

M n, 0.017 % P, O. O Od % S , 0. 29 ^S i , 0.01 % Cu, 0 .01 % 44inand 0. 0 3 % C r . 

The4ub utar-membe r of c l ai m 58-r-wherein a-yield point-of-th e tu bular me m beRe-at-mest 

abo ut 57. 8 k si prior to a radial exp a nsion and plastic deforma tion ; and wh e re i n the yi eld po in t of 
tbe-t-ufeuta-r-membe r i s at le a st abou t 74,4 ks i- aft er t h e ra4ial-expans i on and pl ast ic defofmatfenr 

&Q-. The tub u l a r me m ber o f cl ai m S &^berein a yield poi nt of4he o f the t ub u l ar m embe^after 

a radi a l e xp a nsi o n a nd p las tic deformati o n is at l east abo u t 2 8 % gr ea ter th a n th e yie l d po i nt of 
the4ubu<af-mem b er pri or to the radi a l expansion anct-plastic deformation, 

§4-, The tub u lar mem b e r of claim 58, where i n the anisotropy of th e t ubular m e m be r , p rior to 

a ra dial ex pans i on a n d p lastic-deformat i o n , is ab o ut 1.04r 

Q3r. Tbe4ubul ar m e m be r of cl aim 58, w herei n th e tubula r-membe r compris es-a-wetfeore 

easing 

S3, The t u bul ar-membef-ef-el aim 5 8 , w here in tbe4ufeuia^me mb er compfise^a-pipeiiner 
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64 Th e tu b u 1 3f^embef~e^aifFH§ a structu ral 

support 

§§: An-expan d a b le tubul ar m e mb er compri s in g a steel a lloy com p r is i n g: 0.0 8 % - C, 0.82 % 

Mn, 0.0 0 6 % P, 0.003 % S, 0.30 % Si, 0.16 % Cu, 0.05 % Ni, and 0.05 % Cr. 

6& The tubular member of claim 65, wherein the anisotropy of the tubul a r m e mb e r, prior to 

a radial expans i on a nd plastic d eform at io n , i s a bo u t 1.92. 

§7, Ttqe4ub^taf-member o f c la im 65, wherein the tubular member compr ises a w ellbore 

easing 

§8, The tu b ular m embef^f^afm--6^ e tubul a r member c o m p rises-a-pipeliner 

69, The-tub^laFmember of clafm-65 1 -wherein the tubula r m embef-eempfises a structural 

su p po rt. 

7ft An-expandable t u bul a r m embef-eempri s ing a steel a l loy co m p r i sing: 0.02 % C, 1.31 % 

M n, 0.02 o / 0 -P r £ 7 QQ4-%-S^^ % Cr. 

74-. The tubula r m e mber of claim 70, wh o roin the aniso tropy o f the tubular memb e r, prior to 

an ; a4ial-^pansion-afid- p l as t i c d ef o rmat io n, is a bou t 1.34r 

7Z Tha-tubuta-r-membef-of claim 70, w herei n the t ubu l ar-member comp r ises a-weHbere 

c asin g. 

The tubul a r m emb o r of claim 7 0, wherein the tub ul a r -m ember comprises a p i pel in e . 

74-. The t u bular m ei^ef-e^Gtali^^ th e tubulaf-me m ber com pftees a stru ctural 

suppertr 

7& An expanda ble tubular m e mber, wherein th e yie l d po i nt of th e e xpandable t u b ular 

mef^ef45-at~t^ 
wbefeli^e^ield-peifv^ 
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The tubula r m emb e r of claim 75 , whe feia4he t ubular membe r compris e s a w e llb are 

eaaia§-r 

Tk T h e tubular m e mb e r of c l a i m 75 ^v#^elB4he-to^u[ar m e mber c omp r is e s a pip e lin e . 

78^- — The4ub^Fmembef^^alm^75 7 ^^ tubu lar m ember comp r ises a-struc t ural 

su^portr 

7-9, Afhexpa n d a bl e t ubu lar m e mb e r, wh e r e in a y i e l d p oi nt of th e exp a nd a b le t -u bular m e mb e r 

aft e r a rad ial e xpan sion and plastic deformati on is at l e ast about 4 0 % great e r t h a n t h e y i eld 
poifti^4he-e x p andab te4ubBt ar me m b e r pri o r to the radia l e x pans i on and p l a s t te-4efefmatf0nr 

Th e tu b ular member of cla fm-T^Q^wh e rein t h e tubulap-member co m p rises-a-welikofe 

easi«§T 

%X~. The4ubu la^me m b e r of cl a iffl-7^-w h ere in the tub ular member co m p ris e s a p ip eline 

82, T4^tufeular----membe^ re i n the4u-butef^ember co m p r i s es-a-^t-ruot-u rat 

suppoffc- 

83, A-Fh-e-x-pand-able tub u l a r mefftov-vv4wetfhthe an i s o t r op y o f th e e xpa-n4able4u buiaf 

m e mb e r, pr i or to t he radial e x paasian a n d pla s ti c d efo f m at ion , is at l ea st a b out 1 . 48 . 

84, The tubula r m e mb e r a f c l a i m 83 , wh e rein th e tubul a r m e mb e r c omprises a w eti-bare 

easing? 

85, Tfre4ubti4af-m 

Tbe4ul=Mdla^ 

87^ An expaadable4al^ the yietd-paint of the expaadable-fa-butar 

membeF-is-a^mos4a bout 57.8 ksi pri or t o the~?a4ialaxpaR£4affaa 
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radial-expans i o n a nd^lastte-de f or mati ofb 

The tubul ar m e mber of claim 8 7, wh e r ei n th e tubular m emb er co m p ris es a w ellbore 

GaSfRGj-r 

8& T he t u bul a-Pfflembe r of cl a i m 87 , w hefein-tb e tubu lar m e m b e r compr ise s a -pipellftev 

90, The4utolar m e m b er of claim 87, w he rein th e tubula r membe r c o mprises a s tr u c tu ral 

suppertr 

94^ An expan dab le tu b u l a r m e mber, wher e i n t h e yie l d poi n t of the expandab le tubular 

membe r aft e r a radial-ex pans i o n and pl as t le^defermation i-s-aMeast about 28 Q /o-gfeater4haR4he 
yield-point o f t h e expandabte-4ubbi-la-r-memfeer prior to the r ad i a l-expansiofhand plastic 
deformation 

92, Th e t ubu l a r member ef-eteim 91 f wh e rein th e4u-bul ar m e m ber c omp ris e s a-wellbere 

c as i n g. 

93, Th e-t-ubuta-r-member-Qf-Gla i m 9 1 , wherei n th e tubu lar m e m bef-eemp-ri s e s a p iftelieer 

84: The tubular m e mber of cl aim 9 1 , wh ere in the tub ul a r m e m ber comprises a structufal 

memb er, pr i or to t he r adial exp an sio n and plastic deformati o n , is at l e ast a bo ut 1.04t 

96-: The tubul a r member o f claim 95, wherein the tubula r member comprises a wellbore 

easing-, 

9-7, The t ubul a r m e m bef-ef~daifr^9£ 7 ^^ 

98, The4ufe^laf4^fl^^ comp r ises a structural 

sw^pertr 
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Q&-. AFve^ar>dabte4^u1ar^^ 

member^fior t o th e radial ex ^R^on-and-pla stic defem^iorvte-a^ea st a bout 

4&& — T-be-tobylap-memfee^ of claim 99, where i n t h e tubular m e mbe r compris es a we l l boro 
c asing . 

4&4, — The tu bula r mem be r of claim 9 9^wfrerein the tubu la r m em b er compris e s a pip e l i n e. 
4Q2-, — T he tu bul ar m e mb e r of cla i m 99, wh e rein t he tubular m e mb e r compris es a structural 

4G3, — Afi -e-xpa ftda ble-tu buia r mem be r T -whe ffii e tubul a r 

memb er, p ri or t o th e r ad i a l-expan si o n a n d pl a stic d ef ormat ion, i s at least about 1 .34t 

404 — T h e tubul ar me mbe r of cl aim 1 03, w he r e in th e t u bula r mem ber^e om prises a~wetlbore 
easing 

4Q& — Th^tu buja^mem be r of cl a im l^S^befeir^the tu b u l ar member com pr ises a-pipeliner 
support. 

407. — An-expandable tubular mem ber, w hereiR4be ani s o tr opy of t he-expaa4able tubu l a r 
membevp4 or to th e ra dial e xpan s i on a n d p fasti c de f or m ati o n , r an g es fr o m about 1. 0 1 t o ab ou t 
4^2, 

49& — The tubular membe r of c l aim 107, where i n th e tubul ar mem b e r comprises a wellbore 
casing. 

4Q& — The-tub^teFmemb er o f c l aim - I Q -T^herefn th e tubul a r member-co mp r is e s a p i p etimr 

44& — The4ubutef-membe r o f cl aim 107, w h er ein th e tu b u la r mem ber^GR^fees-a-sfru^toral 
sup-portr 

444: — An expan dable tubular mem b er, wh e rein th e yi e ld po i nt of th e e xpandable tubular 
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mprnhpr nrior fn t hi A rn rl ia l Pvn.QnQinn and,. nl^Qfip rlpfnrrn^tinn r a n nftQ frr >m £>Hni i t /1 7 kc i tn 

ab out 6 1 7 k slr 

-142, — Th e tub ul ar membe r of claim 111, wherein the tubu l ar mem b e r com p rises a w ell bo re 
easing 

443-: — T he t u b ula r memb er of claim 111, w he r ei n the t u b u l a r m e mb e r compr i ses a p ipetmer 

444, — The t u b u lar m e m be r of claim 111, wh e rei n the tubu la r m e m b e r co mp r is es a structural 
support. 1 1 5 . An expandable tubular member, wherein the expandability coefficient of the 
expandable tubular member, prior to the radial expansion and plastic deformation, is greater 
than 042. 

446, — Th€4ubulaf-member of cl aim 115, wherein the tubutef-membe r compris es-cM/ v el lbor e 
caslR§r 

447; — The4 ubu l ar m e mb e r of clai ffi 1 1 5, wherefn4he tu b ul ar memb er c o mpr i s es a p i petiner 
44& — The4u feul ar m e mb e r o f cl a i m 1 1 5 T ^hefefn4he4ufeulaT me m ber comp rises a stru ctural 



449tL An expandable tubular member, wherein the expandability coefficient of the expandable 
tubular member is greater than the expandability coefficient of another portion of the 
expandable tubular member. 

42ft — The4ufa43Ffflembe r of cl aim 1 1 9 r^hBfe in th e tub utaiM ^ m b er' G Gmp48e&-a-w ellbore 

424-: — The tubulaf-member of claim 119, w he^ffhth^4ubutei^Bember c omp rises a-pipefeer 

422, — The tubul ar m e mber of claim 119, wh e r ei n t h e tu bular m e mb e r c ompris e s a structural 
swppertr 

423r|L An expandable tubular member, wherein the tubular member has a higher ductility and a 
lower yield point prior to a radial expansion and plastic deformation than after the radial 
expansion and plastic deformation. 

13 
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42& — The tubular m em b er o f cl ai m 1 2 3 , w he r ein t h e tubu l ar m e mb er co m pri s e s a pip elfRer 
43& — The tu b u lar me mber o f cl aim 123, w h e r e i n th e tutotaf-memfeer c om pr is e s a s tru c tural 



43£r|L A method of radially expanding and plastically deforming a tubular assembly comprising 

a first tubular member coupled to a second tubular member, comprising: 

radially expanding and plastically deforming the tubular assembly within a preexisting 

structure; and 

using less power to radially expand each unit length of the first tubular member than to 
radially expand each unit length of the second tubular member. 

423, — The m e thod of claim 12 7, w hereiR4he4^ comprises a w e llbor e c a sin g. 

42ft — Th e method of claim 127, wher ein the tub ular mem be r com pris e s a pip e line. 

436, — The m e t ho d of claim 127, wher ein the t u b u lar me m ber c om p rises a s t -m ctural s upport. 

434^ — A~s yst e m f o r r a di al l y exp and i ng and pl asti ca ll y defo rming^ tub u tef-a ssemb l y comprising 
a4} f& t~4ubute co m p r i s ing- 

mea ns for ra di all y e x p anding the tu b u l ar as sembly withi n a p r eexisting s t ruc tur e; and 
meafis 4 o r usin g-tess powef-te-radiaHy-expa nd each bB4UeR§th~of4he first tabular 

mem beF4fran48H=ad^ of the s e c o nd fabute^memhefr 

432. — The syst e m o f clak : B4-34 r whefeffl th e tub utaR^ember-eempffses-a-wel lb o r e ca sing, 

433: — TMe-^ystem of cla im 131 , w herein the tubular membep-eom^ri s es a p ip efeer 

434, — The sy s te m o f clai m 131, w here in the tubular membef-eemprises a structural support. 



-135,10. A method of manufacturing a tubular member, comprising: 

processing a tubular member until the tubular member is characterized by one or more 

14 
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intermediate characteristics; 
positioning the tubular member within a preexisting structure; and 
processing the tubular member within the preexisting structure until the tubular member 

is characterized one or more final characteristics. 

43& — The me thod o f cl aim 135, wherein the tub ul ar m embe r co m pris es a w ellb ore casing. 

437, — The method o f cl a im 135, w hemifhthe4ubu4af-member comprises a pi p eline. 

43& — The-fflethod-o^Gta HTi 135, wherem4he tubu l af-member comprises a structural-s^pportr 

439, — Thenqftethed-o-M 
t rav e rs e s a s ukterrariean fo r ma tion 

440, — The-meth o d of cl aim 1 35 r4/vfoeiWHthe ch a r a ct er istics are selec t e d from a g ro up 
AAA-. — The-rmthod~o£~el^^ processi n g the4ub-ulafHra^ 



Hpfnrminn thp tuHnlar mc 

rtry uciui 1 I nTrg crrC ttttftftal rrtt: 



efn ipft iro 



442t11. An apparatus, comprising: 

an expandable tubular assembly; and 

an expansion device coupled to the expandable tubular assembly; 
wherein a predetermined portion of the expandable tubular assembly has a lower yield 
point than another portion of the expandable tubular assembly. 

443, — The^pparat-us^^ai^ 
d-evieer 

444-: — The-appar-atus o f cl aim 142, w hereifHthe-expans i o n d e vice co mprises a n axi aUy 



445, — 443e^p^rat^ 
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e xpansion d e vi ce. 



44£, — Tbe-apparatos o f c laim 1 42, wh e r e in th e e xpan si o n d e v ice co m prises- ^ h y d rof o rm i n g 
expansion device: 

447, — Tbe^ppafafas-G^ete i m 142, A^efeif^e^paf^iof^deviGe comp r is es a r himpy-teive-fQfGe 
ex pansi on-devteer 

44& — The^ appa r atu s of c l a im 142, wh e rein the p r e d e termin e d p o rtion of the tubular ass embly 

bas-a4w§beKk^ii%^ 

assembly 

44ft — Tfa^ppafafa^ the pre d e termin e d p o rt i o n of the tu b u l ar as sembly 

tes-a4^§beFdwtiWty^^ 

4&0, — The-a-ppara tus o f cl a im 442 1 - w her e in the pTO<Mermined~fH^^ as s embly 
h a s a l o w ery4e4 d p oi nt than a-nether portion of the expafatoble4ub^j^^ 

4§4. — Tbe-appafatus of c laim 1 4 2, w berei n the p redete rm lned-po rti o n o f t be4ubute r asse m bly 

4§2, — The appa ratus of cl a im 14 2, wh erein the prede t erm in e d port io n of the tubular assembly 
comprises a-pfa^lft^e^pfedetermlned-portie R s of the tubulaf-assemblyr 

co mpr ises a p lural ity of spaoe^apart prede t er mi ned portions of th e tub ufa^asse mbly . 

+54, — Th e app a rat us of c l a im 142, wh erein the ot he r p o rtio n of the t ub ular assembly comprises 
ame^d-portien-o^-tbe-tbfbular assembfyT 

4§S, — Tbe^para-tes^Glaim-^^ 

a p l urality of o t he ^portio ns of t b e tubu -lai^assemblyr 

4§& — Tbe-a-pparatus of clainvH^-wberefn the othef-poftiomof-the-tubular assembl y comprises 
a^k^^ty^^aeed^part^her^r4ions-e f the t u bular -a&sembiy-r 
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46-7, — T^a^^fatus-B^G^PR-A A 2 , whefein th e tyfebfla^assemb iy c omprises a ptafalrty-of 
tu^ute^ffle m b e rs c o up led t o o n e another by corr e sp o n d i ng tu bular couplings . 

4§& — The appafa t us o f cla im 157, w herein the tubu lar co uplings c omprise the-pfede t e rmin ed 

o f th e t u b ular assembly ^ 

4£& — The apparat us- of claim 157, wh e r e in on e or mor e o f the tu bu l a r coup lin gs c ompr ise the 
pFedetefmtaed^ortions of the-tubulaF-assernbtyr 

46ft — Th e appa r atus of cl aim 157, wh e r e in one o r m ore of the tubular m e m bers comprise the 
pr e d e termin e d p ortions o f t h e tu b ul a r as se mb l y . 

464, — The apparatus of cl a im 142, wher e in the pr e determin e d portion of th e tubu l ar assembly 
d e fin e s on e o r m or e op e nings. 

462, — Tfoe-affpafafci s o f claim 16 1 , w hefein one o r more o f the openings-oQmpr-ise-steter 

4-63, — T h e ap par-atus-o^etei-m 161, w herein the aNsotrop y f o r t h e p r ede t efTOfned-poFtion-o^fte 
tu b u l ar a ss e m bly is gr e a t er than 1 . 

464, — Tbe-a^paratu s of cla im 1 4 2, w hemifntbe- a nisotro p y for the predetem#ie4-portion of the 
tubula t ^asse mb l y i s gr e at e r than 1. 

465, — T h e app a ratus of claim 142, w herein the str a i n hard e ning expo n e nt for th e 
predetermined por tion of th e tub u l ar a s se mbly is great e r than 0.12. 

466, — The appa ratus of c l a i m 142, wh erein the anisotropy for th e pre de t erm i ne d portion of the 
fakytef-asse-mbly i s g reate^arf4^aRd-whef eln th e strain hard emng-exponent f or the 
fipedetofmined-poftio n o f th e t ubul a r a ss embly4s-gfeate-^tba n 0.12. 

467- ; — The appa r a tus of claim 142, wher e in the predetermin e d portion o f t h e tubul a r a ss e mb l y 
eompfises a first steel altoy-oompf%i^g: 0.065 % C, 1 .44-%-Mn, 0,01 % p, 0 ,0 02 % S, Qh2A-% 
Si, 0.01 % Cu , 0.01 % N i , and 0.02 % Cr. 
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4§& — The-apparatus o f c l aim I^Tr^efefFFtbe yi e ld po in4-o^e^Fedeter min e d po ftion-o£4be 
tub u la r ass embly^ at mo st ab ou t 46.9 ksi. 

-1-&9, — T h e ap paratus of cl ai m 16 7, wh erein th e anisotropy o f the p r e d eter m ined-pe rti on o f t he 
tub u l a r asse m blyHS-abeu t 1.48. 

-1-7& — The apparatus o f cl aim 142, wherein the pre d e t e rmined portion of the tubu l ar a ss e mbly 
compris e s a s e co nd st e e l all o y comprising: 0.18 % C , 1.28 % Mn, 0.017 % P, 0.00 4 % S , 0.29 
%-§i r &Q4-% Cu, 0.01~%44vand 0. 0 3 % Cr. 

474-: — The a pp a ratus of claim 170, wherein th e yield point of the pre d e termined port ion o f t he 
tubutef-a-sse m bl y is at most abou t 57.8 ksi. 

472^ — The ap p a r atus o f cl aim 170, w he r e in t h e a ni so t ro p y of the pr ede t er m i n ed-poftiofv-o^-th^ 

47-3, — Tfre-apparatus-of-Gla i m 142, w he re in th e-pradet e rmi n ed porti o n o£4he tubular assembly 
c ompri s es a th i r d s t oekallo y co mp ri sin g : 0 .08 % C, 0.82 % Mn , 0.0 0 6 % 4V&Q 0 3 % S, 0. 3 0 % 
S^0r4^4-G u , 0.05 % Ni , a nd-&Q5-%-Gfr 

474-; — T he a pparatu s of cla im 1 73, wh e r e in the anisotropy of the prede t er m ined port i on of th o 
tubular assembly is about 1.92. 

475, — Tbe-appar-atos-Qf-Glaim 142, whefefn-4h-e-pre4ete r m i n e d p o rtio n of the tu butaf-assembly 
com pris e s a fourth ste e l al l oy comprising : 0 . 02 % C , 1 . 31 % Mn , 0 .02 % P, 0.001 % S, 0.45 % 
Si, 9 .1 %Ni, and 18.7 %Cr. 

-1-76, — Tbe-appafatus of claim47§rwhefei^^ of the pfedeter-mmed-^ertion-e^the 

tub ul ar as s e mb l y 4s-at-4east~ab out 1 .34r 

477-: — The^pafatus^clara^^ th e^etd^oi-r&o^^^ of 4he 

tu b u la r as se mbly i s at most about 46.9 ksi. 

47& — The-appafatus-o^eta im 1 4 2, w heffiin4he-aftjsotropy of the-pfedeteiroiBed^ertiQff-ot-tbe 
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t'ti btflar assom -fe-jy— i-s a t loasir~a"boy *t 



479, — Th e ap p ar atu s o f cl aim 142, wh e r e in th e yie ld-p oint o f t h^pfedete r m i n e d p o rt io n o£4he 

fi iKi }|or ,gccpm,h Iw ic. o f mncf Ko>.it £\"7 ft Lrej 

4§& — The-ap pafa-t-u-s-G^Gla i m 142, wh^e+fUke-^ 
tub^jaf^a^embly-is^a^ a ab o ut 1 .04r 

4S4^ — The ap pa r at us of cl aim 142, w he r e in the anisotropy of the pre deter m ined porti o n of th e 
tubu l ar assembly is at l e as t a bo u t 1.92. 

-1-&2-: — The--appafafas--9f--€4aiffl-1 4 2 , whereiR the ani-SGtropy^-fee-p-redeter-mined p ortioR-eTthe 
fa&ulaf-asse m b ly is a t l eas t a b o ut 1 . 3 4r 

48S, — Tke~ appa r atus of claim 142, w kerein the ani sotr o py of th e p redete rmi-Red-poffon o f th e 
fa-bular as seffl^ly-rang es from about 1 .04 to abeut4r92r 

484-: — The app a ratu s of cl a i m 142, w herei n th e yi e l d p o i nt o f th e p redete r m i ned po r tio n of4he 
tu b ul ar ass e mb l y rang e s from a bo ut 4 7. 6 ks i t o abo ut 61 . 7 k si. 

4S& — Th-e^apparat us o f cl a im 142, w^erefR-toe-exfiandab i lit y coefficient of the^fedeteRWfied 
po rti on o f t he tu bular asse m bly is greate r t h an 0 .12. 

48§, — Th e app a r a tus o f cla im 142, whe re in t h e expand abili ty coefficie nt o f t he pr ed e t e rmi ned 
portion of the tubu l a r aesemblyMS-greater th a n the e x pan d a b il ity co e ffi cient o f the o t he r portion 
of the tubula r as s em&iyr 

4§7, — Th e appar atus of claim-142, wh e rein the tubular assembly comprises a wellbore casi n g 

4&& — The a ppa rafa€-ofrolaim-442 T ^ h erei n the t u bula-Fa^emfc^^ 

489, — Th e appa fa tus of cl a im 14^wbefetfObe4ybular assemb l y co m^rises^-st r u ctur al 

ci innnrt 

4O0t12. An expandable tubular member, wherein a yield point of the expandable tubular 
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member after a radial expansion and plastic deformation is at least about 5.8 % greater than the 
yield point of the expandable tubular member prior to the radial expansion and plastic 
deformation. 

484 — The tubular m e mber of c l aim 1 90, wherein th e t ub ula r m emb er comprises a^A / el l b o re 

-V92r. — T^e4bfb-uteFmemfe^ 

supporir 

4-94t13, A method of determining the expandability of a selected tubular member, 
comprising: 

determining an anisotropy value for the selected tubular member; 
determining a strain hardening value for the selected tubular member; and 
multiplying the anisotropy value times the strain hardening value to generate an 
expandability value for the selected tubular member. 

4©& — The-me th od o f c l aim 194, wkefeif^n-anteot-ropy valu e g r eatef-than 0.1~24ndicates4hat 
the tub ula^H^Rember is s u it ab l e f o r r ad ial expansi on and pla sti c d efor matio ftr 

497r — T he m etho d of claim 1 9 47-^erei R~the4ubyaFmembef-Gompftee s a p i pettner 

49& — The meth od of c l aim 19 4 , wherein th e tubular memb er c o m pri ses a structural support. 

4Q9r14. A method of radially expanding and plastically deforming tubular members, 
comprising: 

selecting a tubular member; 

determining an anisotropy value for the selected tubular member; 
determining a strain hardening value for the selected tubular member; 
multiplying the anisotropy value times the strain hardening value to generate an 
expandability value for the selected tubular member; and 
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if the anisotropy value is greater than 0.12, then radially expanding and plastically 
deforming the selected tubular member. 

204. — Tl^e^etlwd^ 

202, — The me th od-Qfr-^m-4^ a structural support: 

203, — The method of c l aim 19 9 , wh e r e in radial l y e xpanding and plastically defor m ing th e 
s elec t e d t abu l ar me mber comprises: 

inser ti ng the seleeted4^-bytefnr^ and 
thenHad^ati^expa ndin g a n d p las t teatty-deferm in g th e selected-tu bu l a r m e mb er. 

204: — The-methed of cla im 203, w he r e i n th e-pfe existing structu re co mpr i s es a -we llbor e t hat 
tr-a ve-r-ses a s ub-tefFaneaB-fofmatioRr 

20§r15, A radially expandable tubular member apparatus comprising: 
a first tubular member; 

a second tubular member engaged with the first tubular member forming a joint; and 
a sleeve overlapping and coupling the first and second tubular members at the joint; 
wherein, prior to a radial expansion and plastic deformation of the apparatus, a 

predetermined portion of the apparatus has a lower yield point than another 

portion of the apparatus. 

206, — Th e a pp aratus of claim 2 0 5, wh e re i n the p r ed et e r m i n ed po rti o n of th e a p para tu s has a 
aftef-the radia l ex pa n si on a n ^-p last ic de f o rmation. 

207, — The app ar atu s of claim 205, w herein the p r e d e t er mi ned po rti o n of th e a pp a ra tus- h as-a 
higher ductilit y prior to the r a dia l exp a nsion a nd plast i c deformation than after the radial 
expaRstefl- aRd plastic d e format i on . 

20& — The-appaf atus of cla im 205, w her ein the predetefFR+Red-p o rtio n of th e appa^atus-has-a 
tewer-yield-poiR^R^^ 
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20-9, — Tfre-apparatus o f claim 205 -r Whe rein th e pr edetermin e d porti on of th e app arat us h as a 
the tubu l ar as s e mb l y . 

24-9, — The-apparatus o f claim 2 09, f u rth e r comprise 

poai-tening aBetheRapparatos^wi thin the preexisting stfBGtwe-fo o v erl a pping relatione 

the ap p a rat us ; a n d 
radiatty-axpaadfng^ 
structure ; 

w herein, p rior to the radia l expansion and plastic d e formation of th e apparatus, a 

p r e d e t er m iaed-^ariia a of the-ather-apparatus ha s a l ow e r yi el d p oint th an aaefeer 
p©ft4oa^the^ttef^pafafe^ 

244, — Tfre^appar a tus of claim 210, whereiR4^e4R-side-diameter-af-t-he-fadfa I ly expanded and 
ptesfeaHy-defo rme d o t h e r p ortion of th e a ppa r atus i s equal to t he ins i de diamete r of t he rad i aHy 
expanded and p taatfeatiy^daformed o th er portio n o f the o t her a pparatus 

C0mpriseS""an~erfd _ portion of tne apparatus: 

2-1-3, — Tfre-a^ paratus of -Glai m 205, w twafB4{^e-predetermined porti on of th e a p paratus 
co mp ri s es a p iufatit^o f prede t er m ined po rtion s of th e appar a tu s. 

244, — Th e appa r atu s o f cla i m 20 5, wh e re in th e pre de te r mi ne d porti o n o f the appar atus 
co m pRses-a-plwatit^ portions -eUha-apparafaSr 

245, — Tfre-epparatus-©^ 
ead^rtiar^a : Ptha^ppafal^ 

24-8-, — The ap p aratus of G lalPFh^^^^eif^ke^ oXhe r po rtion of the appafatus-compfiaeaa 
piafaifty-a^thar 1 ^^ 

24-7, — The-ap^pafat-us of cta im 20-5 T -wl^efeia4t : fe other partian-o^the-apparatus comprises a 
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2-1-8, — The a p paratus of cla i m 205, whe re in th e appara t us co m p ris e s a p lu r ali ty of tub u lar 
members-coupled t o o ne another by co r respo R4i^g-tub^4af-€OUfiiingsT 

249, — fl^€^pf>afa^^ 

port i o ns of the ap pafatus^- a nd w he r ei n the tu kular m e m be rs co mp ftee-tt^oti^er p o rtio n of th e 
ap pa ratu s . 

220, — T^e-afipafatue-ef-ofa-im 218, w iwelB-one-QFmefe of the tubuiar^o^fe§s-eefFpqse4^e 
pfe d ete rmin e d po rtions of the a p pa rat us. 

224, — Th e apparat us-of cla i m 218, wbefeifl-ofie o r mo r e o f th e t-u^uiaf-members compri seethe 
fifedetefmif^ed-portiof^s-of the apparatus 

222, — T-be apparatus of-eiaim 205, w herein the prede t ermi n ed portiornof the apparatus defines 
one or more o pe ni n g s . 

22& — The-appar atus of c lai m 222 , w befe i n on e o fHTtore-o£4be-epe nings c o mpr i s e - s tater 

224; — The-apparatus o f clai m 222, whereifht-he anisotrop y for fe^ffideteFmi-fted--portioR-of4he 
ap par atu s i s g rea t e r tha n 1 . 

22§, — Th e ap p aratus of claim 205, whe rein th e anisot rop y for the pr e d eterm in ed p o rt ion o f th e 
appafat-us4s-gfeaterthaR-4r 

22&~. — fte~appafat4iS^e[afm-2^ 

pred e t er m ined portion of the a p paratus is greater th a n 0.42r 

227, — The apparatus of cla i m 205, wherein the an i sotropy for the predetermined portion of tho 
appar a tus is grea te r than 1; a nd w herein-tfre strain h ardening e x po^entfe r th e pre d e t e rmined 
po r tion of t he appa fafas4s g r e ater t barhQv4^ 

22%, — Th^apparatus of clai m 205, wbereifv4he-pfedeterffHRed-pGrt i o n of the apparatus 
comprises first steei-altey-eomprising: 0.065-% C , %AA % M n, 0.0 1 % P, 0.00^^7^24-% 
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§ir&&\- % Cu, 0.01-%44i r ^nd-0^a^^ 



229, — The-appafatus of c la im 2 2 8, w he r ei n th e yie l d point of the p fede t er mi ne d po r tion of th e 
ap parat us is at mo st a bout ^ 16.9 ksi prior to t h e r a d i a l e xpans i on and pl a st i c d e form a tion; a nd 
w her ein t h e y ield poin t of the p re det e rmi n ed po rti o n of the ap pa ratus i s at -least-about 65 . 9 k si 
afteF4he-fad-ia]-expa 

230: — Tfre^appa-f at u s of c lai ffl^&^frereif^^ o f the 

apparat us aft e r th e rad ial-expans ion and pl as ti c d e f o rm a tion is at l e as t abo u t 40 % gre at e r tha n 
the-yiel4-^Ofnt of the-predetefmine4-^Qrtion of the apparafas-prior^Q^e-Fadial^-paR&iQB^^^ 
ptesti c deformation. 



234, — Tfoe-a p p aratus of cl a im 228, w herei n the a ni s otrop y o f t he p r e d e t e rmi ne d p o r ti o n o f th e 
apparatus, prior t e4heHFadialexpa^ is a b eyt4^4&r 



232, — The appar a tu s of claim 205-rWhe r ein th e predetermine4-poftio n of t h e apparatus 
comprises a se con d s t ee l a lloy co mp ri s in g: 0.1 8 % C, 1.28 % M - n , 0 .017 % P, 0. 004 % S, 0.29 
% Si, 0.01 %-Gu T J M± % N i, and 0 . 0 3 % Cr. 



233, — The^a-ppa-rat us of daim-232-r-where i n t h e yiel d p o i n-t-ef 4he-pred e-termf n^ 
apparatus is at most-about 57.8 k si prior to the ra d iaJH^xpa^eien-and plastic deformatieFH-an4 
whe re in the yield point of the predetermi n e d po rtion o f th e apparatus is at least ab ou t 74 A ksi 
after the radial e xpaneieB-and-piastic deformation 



^erern the-- v teJd-potfrt^^ portion o f the 

ap pa rat u s a ft e r -4he r ad i a l e xpansi o n and-p las tic d e f o rmation is at le as t a bo ut 28 % groat e-F4teft 
the-yield-poi-f 
p lasti c def o rm a t i on. 



23-5-: — Th e a p p aratus of cl aim 232, w i^reifh4i^e-afflso tropy o f t h e p r edeteimiRed^oftion-o^fee 
appara tus , pri o r t o fee^d^expaBeior^r^plasti^-defermatio n , is abou t 1. 0 4r 



23§, — T he a p paratus of claim 205, wher e in the pr e d e t e rmined portion of the appar a tus 
c ompris e s a third st o ol al i oy comprising; 0.08 % C, 0 . 8 2 % Mn, 0. QQ 6 % P, 0 . 0 0 3 % S, 0.30 % 
Si, 0.16 %-Cu, Q r O §-g^ r ^4^Q^%^ 
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237, — The-a^pa-i^tus^-olaim 236, w hereirr4&e-Harns^ o f th e 

appar at u s , prio r to th e radia l e x pa ns io n a nd p la s ti c d eformation, is a b out 1.92 . 



233, — T h e appa ratus of claim 205, wh erein the predeter min ed p orti on of the ap p a ra tu s 
eem{3ftee5^^ C, 1.3 1 % 4\A n, 0.02 % - P , 0.001 % ~S , 0.15 % 

Si , 9 .1 % - Ni, and 18.7 % Cr. 



239, — The-app a r at us of cl a im 2 3 8, wh e r e in th e anisotropy o f th e p r e de termin ed p o rti o n of t he 
apparafaSr-fH^Of^ deformatio n , i s abo ut 1.34r 

240, — The-apparatus-of-cla^^ 

apparafas4s-at m o s t abo u t 46 .9 ks i pr ior to the r a dial expan s i o n and p l a s ti c d e f orm at i o n; and 
wbereirntke-yie ld poi n t of t he p rede t erm in ed p o rt i on of th e apparatu€HS^4e a st abo u t 65. 9 ~ks4 
after-tt^e-ra4ial~expa nsi o n and plast ic de formation 



244, — T h e a ppa ratu s o f cl a i m 2 0 5, wh erein the y ield-point of the-pre d e t e rmined portieR-of4fre 
a ppara t us after the radial-expans i on an d p l as tic d e format ion is at leas t a bout 4 0 % g re a ter t han 
fee-yi eld point o f t he pred e t e r mined-po rtio n of th e ap paratu s prio^-to-the ra dia l e xp a nsion a nd 
pia-stio-deformatteBr 

242, — Th e a p p aratus of c l aim 205 , wherein th e anisot ropy of the pr edetermined p ortion of t h e 



243, — The ap parat us of cla i m ^O&rWt^erein th e y ield po i nf^Hhe-predetermiRed po r tio n of-t-he 
appar a tu s i s at mos^a&o ut 5 7 .8 k si pr io r t o t he r adial e xpansion a n d pl ast ic de forma t i o n; and 
where 

after the r adia l exp ansion and plas tic deformatio n . 



244, — Th e apparatus of cla i m 20 5, wher ei n th e y ieid-poiff^oMhe-prede t er min ed por tio n o f the 
apparatus-afte r th e r a d i a l expansion-and-plastic d e f o r matior^is-ayea&^abou t 2 8 % greater4han 
the-yieid po i nt o f th e pre deterrmr^d-portiorv-of-th e a ppa r atus prio ^tQ-tt^e-radial-expans ion a -nd 
pteette-defermatioBr 



245, — The-apparatus-of-ciaim 205T^A^erei^4he~^ 



25 



25791.307.04 



24& — Tke~app ar at us o f clai m 205, whe rei n t h e a n is o t r opy o f t he pr e d etermined p o rtion of t he 
apparatus, p rior to the rad i al exp ans i o n and p last i c d e form a tion, i s at l ea s t a bout 1. 92 . 

247, — The-appafat-u-s^M 

a pp a r atus , pri or to 4^ra4ial~exp a n sion and p l asti c d e fo nnatie n , is a ^-lea s t a b o ut 1.34. 

24& — Th e a pp a f atus of cl a i m 2 0 5, wh e rein the anis ot r op y of the pr ede t er m i n ed p ort i o n-oHke 
apparatus, prior to the radial ex p a n si o n and plastic d e formation, rang e s from about 1.04 to 
a b out 1.92t 

249, — The appa rat us o f cl a i m 2 0 5, wh erei n t h e yietd-pein t o f th e p r e d e t e rmin e d po r ti o n of the 
appara tus , p r ior to th e rad ia l e x paneien-an€i-plastic deformation, ranges frem-abo ut 4 7.6 ks i to 
abQbrt-&4r-^k-&b 

2§ft — Th e ap p a ratus of c lai m 205, w herein the e x pandabWty-Goeffi-Gie n t o f the pred et er m ined 
port i on o f tke-appar at us, prior to the radial-expansio n an d pl as tic d e f orma t ion, is greater-tton 

QAZr 

— T-he-appara tus of clai m 205, wherein the expandabilit y coefficient o f toe-predetermined 
portion of the appara tus is gr e at e r than t h e exp an d ability coeff i cient of th e other p ortion of the 
appafatusr 

2§2, — The appar atus of clai m 205, w herein4he-apparatus co m pr is es-a-wetib or e ca s i n g. 

2-53, — Tbe-apparatus-o^-Gtel m 205, wher^n4he-appafatus^Gom^ffses a p i petiner 

254, — The appa ratus of cla i m 205, wherein the appar a tus comprises a structural su p p ed 

2-55, — A-radfatiy-e-x-pand-able t u bu l aRnembef^pparatus co mp ri s ing 

a f ir st tubul a r mem be r; 

a second t ubu lar m e mber e ngag e d with th e first tu b ular me mb e r forming a joint; 
a-sleeve overlappin^-a nd coupling the fifst-and-seeend tubular-members at the joints 
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t3€ij"9 M GGi n t t U b Li I Q P" me m bei~3 aad 

o ne o f th e ta pe r e d e nds being a sur f ac e for med on the flange; 

sdial expansion and plasti g deformation — of—the ■■■ a' p ^ 
pr ede t e rmin e d port i o n o f th e app af at us has a lo we r yie l d point th a n ano t her 
po rti on o£4be-appafataSr 



2§6, — The-a-ppar-afas-a^def-i-Red in cla+ffl-255-whei^^^ 

m ating e n g a ge m e n t w i t h t h e t ape red e nd form e d on the flan ge. 

2§7, — The ap paratus as de fin ed in cl aim 255 wher e in the sl e eve i nclud e s a flan ge at e ach 
tapar-ed---end-and^eaGh4apefed-end4s-fGrmed o n a-fespeet-i-ve-flanger 

2§& — The ap par at u s as d ef i ned-lFHGlai m 257 w he r e i n ea c h tu bula r -^nembef ^ clud es a r eces s . 

2§& — T-he-apparatus as defiaed-in clai m 258 w hefein-eaeh4laa§^^ 
on e of th e recesses. 



2&Q-. — The-ap paratus as defi ned4 n cl aim 259 w here in e ach rec ess if^dee-a4apered^ 

rt^Afl#^e4ap 



2-64-, — The appar at us o f cl aim 255, wh erein the predeterm in e d portio n of th e ap p aratus ha s a 
aft e r t h e ra dial e x pa n s io n an d plastic defor mati o n . 



262, — T he ap parat us of claim 25 5, wh e r ein the p r e d e termi ne d portion of the a ppa r atus has a 
frl§l^4uGt4^^ and-pfast-lc deformation tha n after th e r adial 

expansion and plastic de forma tion. 



263, — Th e apparatus of c l a i- m 25 5, wh efei n the p redetefm^neelp o rtion o f theapp arat u s ha s -a 
lowei^y4eld-pQla-^prio r t o theTadia^expansion-and-pla-stic d eforfTOtfan4ha n aft ef4he-radlal 
expaas-ion and pl asti c def o rmation . 



264, — The-appafatus of cl a i m 255, wherel a4he~p red ete r m i n e d portioa-of-the apparatus has a 
Iaf§ef4n&fde^iametef-afte r the r -adlal-expaasion and ptaaUe^formafefKt^af^thef-^ortioBS-af 
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the t u bu l a r as s e mbly. 



2&§, — The appa ratus of cla im 26 4 , furt her comprising: 

positioning an other apparatus w i th i n the pre e x i sting structur e i n o v e r la pp i ng r e lation t o 
fee-apparatus; and 

Faettatly-expan d i n g and-ptestteaHy-defe^ p r ee xis ting 
structure; 

prede t e rmin e d p ort i o n of t he o t her apparatus has a lo w er yield p o i nt than anoth e r 
porti0ft-Gf4-he---el;her--apparattr&r 



2§§, — Th e apparatus of cl a im 265 T wherein th e insid e diamet e r of th e radia lly e xp a nded and 
p lastically d e fo m e d ot h er po rti o n of th e ap parat us-is-equ al t o t he i ns id e d i am etepe^the radi a l ly 
e xp anded-a nd p l ast icatiy de f or me d-ethe^po rt ion of t h e o th er a p paratus . 

267, — The appar-atus of-elaim 2 55, wherein the predetefffmed-p ortio n of the apparatus 
comp r is e s a n end-portiefH^f-the ap p afafa-Sr 

268, — The-ap paratus of cl aim 255, w herein t h e p r ed e te rm i ned p o rt ien-o£4he-ap paratus 
eemprises a plurality of pr e d e termined po rt i on s of the apparatus. 

2&Q-. — The appar at us o f clai m 255, wherein the predetermined po rtion of the apparatus 



27ft — Tfoe^appafafas-ef cl a i m 2 5 5, w ^ei^ifHth^athef-perti o n of-t-he appara t u s c o mprises a n 
e nd port i on of t h e apparat usr 

274, — The apparatus of cl aim 255, wh e r ei n th e other portion of th e app a ratus comprises a 
pJwairtyn^^^^ 



272, — Th^appa fat-u-s-Qf-Gta i m 255r^efeln4he-otheFportion o f the a p pa r a fas- c o m p ris e s a 
pfafaJtty-o£-spaced^p art oth e r p ortio ns o f t he ap pa ratus. 



273, — The-appafatos of clai ffl 255, w herei- n th e a pparatus comprises a p lurality of tubular 
members co upl e d to^ne-anothef-b-y co r resper^§4^^af^au-pfeg^ 
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374; — The-apparatu-s-of-el aim 273, w hefeifHtfre4ul^^ c ompris e the-pfe4etefmified 

por ti o ns o f th e appar at us ; a nd w h e rei n th e t ub u lar members comprise the o th er po rtio n o f the 
apparatus. 

275, — Tfoe^appafat us of c lai m 273 r~whefe in one or mo fe-efr4fre4ukula r coup l ings co mp rtse4he 
p red e t e rm ined- porti o ns o f th e a pparatus . 

276, — The ap par atu s of cl aim 2 7 3, wherein on e or more of t h e tu bul a r m e m bers comp ris e th e 
pre d eter min ed po r t ions of the appar a tus. 

2-77; — The---appaf-at-us^f--€4aim--2§§— where i n the p re detef mined-poFtion-of-t h e-^ ppa ra t u s de fines 
o ne o r-mofe-ope nin g s . 

27& — The-appara tus of claim 277 , wherei n on e o r mor e of th e o penlngs-eompffee sl ots . 

278, — The-apparaius o f cl a im 277, whe r ei n the anis o t repy f o r the pr ed et erm i ne d-pe rti on o f the 
appafatus is g r eater4han-4-r 

appafatus4s-§feater t han 1 . 

2M~. — The apparatus of clai m 25 5 r-whefein th e s t rain hardemn§-expeRent for the 
p redet e rmine d po rtio n o f t h e-apparatus i s gre at er th an 0. 12 . 

— The a p p ar at us of claim 255, wh erei n the anisotropy for th e prede t er min e d po rti o n o f the 
apparatu s is g r e at e r t h a n 1 ; a nd wh e r e in th e stra i n hardening ex ponent for the pre determined 
portion of the app a r atus is great e r than 0.12. 

283; — The-apparatus-oTcl a i m 2 5 5, where i n the p re determin ed-pe rtion of t h e- apparat u s 
c om p r ises-a-fifst s t eel a l l oy comp4&^§^0rQ§5-% C, 1A4 % M nT~Q-?Ql-%-E^ 0 . 0 02 % S, 0.24-% 
S i, 0. 01 % C u , 0 . 01 % -MrafK^Q2 % Cr. 

2%4~, — The appa ratus of c l a i m 2 83-r-wherein the yield point of4he-pre4etermiRed portion of the 
apparatus-te^lfflesTa r t o t he ra d ia-t-expamfea-aad plastie-defQfmatiefH-afv4 
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wherelrr^e-yield-poir^ 

aft e r t he-f^d4a]-expaR&ief^a n d plasti c d eformation 

2S&: — The appar atus of c l a i m 283 , wh e re i n the y ie l d point o f th e pr e det e rmi ned po rtion of t ho 
apparat us a ft e r t h e ra d i al expan s io n an d p lasti c d efo r m at ion i s at le as t ab o u t 40 % grea te r th a n 

plastic deformation 

28&, — Th e apparatus of cl aim 283, wh e r e in the an i so t r opy of th e p re d e t e rm i n e d port io n of tho 
a p parat u s , pr i or to t h e ra di al ex p an s i on and plast i c d e fo r mation, is about 1.48. 

2&7-. — The---apparat-^ i n the pre d etermine d portiofH^the-appar-afa-s 

Gompfise^a-seGo^ste e I a l loy c emprieH3§^0.1S % C , 1.28 % Mn, 0.017 % - P, 0. 00 4-%^O^8 
%-Si, 0.01 y^ Ur^4~%~NVand 0.03 % C r. 

2S8-: — The appar a tus of claim 287, w-herein the yield^oint of the pfedetermmed-peft-ieFH^f4he 
apparatus i s a l most abo u t 57. 8 ksi prior to th e-radial expansio n and pl ast i c d e format i on; an d 
wher ei n the yiekl^eittt-o^tbe-predete r m i n ed portion o f t h e a p par at u s i s at leas t -afeo u t 74.4 ksi 
aft er the rad i al e x p ansi orhand-plastic defo r mati o n . 

280, — The-apparatos of cl a im 287, w her ein the yi eld poin t of the-predetermined-porto n o f t h e 
apparatus after the rad i al expansion an d plas t ic def o r mat i on is at least abo ut 28 % greater th a n 
the-yield point of t h e p r edetermifted-pertion of th e appar a tus prior to the ra d ial expaftsion and 
p las t ic de fo rm ati o n . 

2SO-. — T h e a p pa r at us of claim 287, wh ere in t he anisotrop y o f the p r e d ete rm ined porti o n of t h e 
apparatu-Srprier to t he-ra4ial-expaBsiorhand-pla-sti c de fo r mat ion, i s abeuM-rQ4r 

294-; — The a ppa ratus of cla i m 255, wh erein th e pred e term ined po rtion of th e appar at us 
comp ri s es a t hi rd st e e^alte^Go mp ris in g: 0. 0 8 % C, 0.82 % Mn , 0. 0 0 6 % P, 0.0 03 % S, 0.30 % 
S i, 0.16 % Cu, 0.05 % N i, a nd 

29-2, — The appar atus of c l aim 291, wher e in th e an iso tropy of the pred etermined p o r tion o f tho 
apparatus, prior te-the radia l ex pan si on and plastic deformatierh-is about 1.92t 
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296 — The-appafatus^ 

GQfflpffees^- fo urt h st ee^tey-GGmpfislRg^O^ % C, 13 1 % M fv&&2-%-P, 0 . 001 % -StQt4§-% 
Sh-M-^M ^ nd 1 8 .7 % C r. 

294, — The a p p aratus of c laim 2 9 3, wh erei n the anisot r - opy of t he predeter min e d ^oftioR-o£4be 

295, — Tbe-appa-fafas o f daif^255^whemiff#*^ 

ap p ar at us is at most a b o ut 46.9 ksi prior to the radial e x pan si o n a nd plast i c deformation; an d 
wl^efefff4he-yiel€t-po i nt of fee-predetefmined-portion of the^ppafatus-is-at-leagt about 65. 9 ksi 
aft er t h e ra dia l e x p a n s i o n aad-p lastic deform atio n . 

296, — T h e a p p aratu s of c l ai m^g^vbefei n the yi e l d p oint of the-pfedete rm i n e d p o rtion o f the 
appa r a tus aft e f4h€Madial-expansion and plastic deform a tion4s-ayea st a b out 4Q-%-greatef4baR 
the y iel d p oint of th e p r e ctetefmine^-poftien of t he a pparatus pr4o r to t h e ra d i al expa nsjoFhand 
plastic deformation. 

297- , — The a p paratus o f cl a i m 255, wh ere i n t he ani s ot ropy of th e-p r edeter m ined-p ortio n o f the 
apparatus^-pfi o r t o th e r adia l-exp ans i on a n d p las t i c d e fe f mati on, i s at l e ast a bou t 1.48. 

29& — Tbe-appafatu s of cla m 255, w berein th e y ietd-poif^o f th e pffi determif^ed^ortfOR-of-fee 
apparatus is at most ab o u t 57.8 ksi prio r to th e r a dial e xp a ns i o n and plastic de form a tion ; a nd 
wherein the y ie l d p o in t o f tt=^e-pfedotermined por tion of th e apparat u s is at le ast about 7 4 . 4 -ksi 
3-fter-4he^-ad4al e xp an si on a n d p l a stic def orm ation 

2QQ~. — The a p p a r atus o f cl a i m 255 , w herein the yield p o int o f th e p r ed et e rm ined por ti on of t h e 
apparatus-after t he radialexpansien-and-plastic d eforr^fen4s-at-[east about 2 8 %-gfeatef4han 
the yield point of fee pre d et e rm i ned portion o f t h e app aratus pri or to the radial ex pansi on and 
pteetio-defer-mationr 

SOft — Th^apparatos-o^Gtaiffl^55 , w befe i n the a nis o t ropy^f4^pred€&^^ 
appara tus , p fiop4o4b^ra4iaj-e-xpans i o n and plasti c de fc ^n^iorvte-aMe ast afeou^4rQ4r 

394, — The a p parafa-s-of-olaim 255, wherein the anisotropy-o f the p redetermined portion of the 
apparatu-s^fior^e^be^^ 
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302, — The-apparatus o^ etaiflv25€ T j wfc^^ of th e p redetermined p o rt i on ote he 

a p parat us^-pfior t o t h e ra dial e x pa n sionar y p la s ti c deformation, is at l e ast about 1.3 4. 

393-; — T he a pparatus of cla im 255, w herei n the anisotropy o f t h e p r e d e te rmi n ed p o rtion of the 
apparatus, prior to th e radial ex p ansion and plast i c d e formation, rang e s from about 1.04 to 
about 1.9£t 

304, — T h e app a r at us o f cl aim 255, wh ere i n the yi el d poi nt o f th e pr e determin e d portion of the 
apparatus, prior to t ho-radial-e-xpamiorv-a Rd-plast-i c deformatfonT^a-fi§es4rom about 47.6-ks-hte 
abo ut 61.7 ks ir 

39S, — The~a pparatu s of c l a i m 255, w toe i n th e e xpand ability-coe ff i c ien t o f t h e p r e det ermined 
port i on of t h e apparatus, p rior to the r a d i ai-expafteiernand p l a s t ic d eforma t i o n, is greate^tfran 

399, — The-app aratus of cla i m 255, w herein the~expandab i l i t y coefficient of the predete rmin ed 
portion of the apparat us is gre a t er th an th e exp a nd a bil i ty c oefficie nt of th e other portien~o£4be 
a p par at u s . 

397-; — T h e app aratus of cla i- m 255, w herei n th e apparatus comprises a wellbore c a si ng r 

393, — The apparatus of cl a im 25 5 , wher e in the a pparatus eom p ri s es a p i peline. 

39-9, — Tfre-appa ratus of cla i-m 255, w her e in th e a p^ratys-oofflpffses^-s tr uc tu ra l s u -ppertr 

340r16. A method of joining radially expandable tubular members comprising: 
providing a first tubular member; 

engaging a second tubular member with the first tubular member to form a joint; 
providing a sleeve; 

mounting the sleeve for overlapping and coupling the first and second tubular members 
at the joint; 

wherein the first tubular member, the second tubular member, and the sleeve define a 

tubular assembly; and 
radially expanding and plastically deforming the tubular assembly; 
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wherein, prior to the radial expansion and plastic deformation, a predetermined portion 
of the tubular assembly has a lower yield point than another portion of the tubular 
assembly. 

344-, — The m e thod of c l aim 310, wher ei n th e prod o t omrm ed portion o f the t u bular asse m bl y 
tos-a-Nghef- d uctilit y and a Io w ef^^d-pofn4-fii4or t o t beHFa4ial-exp an sio n and plastic 
defo rm at io n t h a n after th e r a 4ial-expa nsio n an d p las tic d e fo r m a ti o n. 

34-2, — T h e m etho d of cla i m 310, wh e r ein the pre det e rmined porti on o f th e tubular as s emb l y 
has a hi§]qep-€kd€tf]rty-firiQr to the^dial-expaf^n-afid plastic defofmation- t han after the racial 
e x pan si on an d plasti c d e fo r matio n. 

343, — T he m e th o d o f c lai m 310, w he r e i n th e p r e d e t e rmined portion of th e tu bu la r-asse mb l y 
has a lo w ei^ield-poin t p r ior to the rad-ial expan s ion and plas t ic deformatio n than after the-radial 
exp ansi o n a n d pla stte-ctefo rmation. 

344, — T he m e t ho d of claim 310, wher ein-the~pfedete r m i n e d po rt io n o f th e tub ula r asse mb l y 
h a s a l arg e r ins i d e diam e t er a ft er t h e ra d ial e x paf^slon a n d p lastic d ef ormation than t h e o t he-r 
port-ion o f t h e t u bul a r as se mb l y . 

34§_ — T he m etho d of claim 314, fa rthe r co m pfislng; 

positioning a nother tubular assembly w ithi n th e pr ee xis ting st ru cture in overlapping 

felafen 4 o the t ub ular ass e mbly ; and 
fadiatiy-e x p an d i ng a nd p l as t ica l l y deformi n g th e othe r tubu l ar a s se mbly w i thi n th e 



w he r ein, pri o r to th e r adia l exp ansion and plastic d e form a t i o n o f the tu bufa^asse m bl y , a 
pr-edeteFm}ned-f>QrtfQf^Qf4he o t h e r tubulaf-assembl y h as a lowefy ie ld poinUhan 
another portion of the othe r t u bular a ss e mb l y 

346, — The-me t hod o f c l ai m 315, wh e r ei n the4nsj4e-4iameter o f th e radiall y e xpan ded^an4 
plastically de f oroed-gthej^po rt i on o f th e tub ul ar a s s e mt%4s-e^al4o4he-fRsi4e dia m eter e £4he 
mdial^expanded^nd-pjasti^i^ oth e r port i on of the-othei4ubyjap-assembly. 

347, — The-method-oTelaf m 310, w herein t h e pred etamined-p0rtfQR-of4t : >e tubulaf-assembly 
gq mpfises-a n-e n d p o rt io n of the t u b u tef^assembtyr 
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343, — The-method of cl a i m 310, wh efei n t h e p r ede t e rmin ed p o rt io n of the tub u lar a ssembly 
co mpri s es a p lurality o f prede t er m i n e d portions of th e tubula r as semb ly 

349, — The m e thod of cla i m 310, wherein th e-pfe d e t e rmin ed p o rtio n of th e tubula r as sembl y 
eempftees-a-plwa ti t y of s p ace^apaft-predetef mine d p ortions o f th e t u bulaFassemfelyr 

33ft — The m eth od of claim 310, w MefeifHthe-etheppoftio n o f the tubula r as se mbly comprises 
an e nd po rtion of t h e t ubu l ar a s s e mbly. 

324, — The metho d of claim 310, wh e r ein t he oth e r port i on of the - tub ul a r a ssemb l^comprises a 
pl u r a l it y of o th er p ortions of th e tub ular assembly 

322, — The-method of c l ai m 310, w herei n the-other portion of t h e tubular a ss em bly co m pri ses a 
ptufality-of s pace d apart other p o rti o ns of th e tub ular as sem b l y . 

323, — Tbe-me th od o f claim 310, w hefein t h e tubular assemMy-eem prises a pl urality of t ub u l a f 
m embe rs c o up l e d to one anot he r by corros p onding t u b u l ar couplings. 

324, — T-he-me-t-hQd~-G^^ 

portions-af the tu b ula^asse mb l y ; and wher-eifvthe4ufe^ 
of t h e t ubula r as se m bl y . 

32§, — The m e thod of cla i m 323, w he r e in o ne or m ore of t h e t u b u lar c oup lin gs c om p rise th e * 
pfedete r rni n ed p o rtions of the tubular assembly 

326, — The-method of cla im 323, w herein one o r m ore of4he4ukulaFmemb e rs compdse4he 
predeter mined p o rtions of th o t ubular assembly. 

327, — The m e thod of claim 310, wher o in th e predetermined portion of the tubu l ar ass e mbly 
defi n es one or m ora^penfngsr 

323, — The-metho d of c l aim 327, whefeirvone-er-mefe of the op eninge-com-pr-ise-steter 

328, — T-he-method o f c l a im 327, whefein4he-an isotro py f o f4l^e^f edetemi ned^of Uof^Rhe 
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tubular assembly is great e r th an 1. 

330, — The method of claim 310, w he r e in t h e an isotropy for the prede t e rmin ed p ortio n o f t h e 



334^ — The-methed of claim 31 0 , w hefeifnfoe-straifi^ fo r th a-predetermined 

p o rtion o f th e t ubu lar as s emb ly i s gr ea t er than 0.12. 

332; — T h e m e th o d of claim 310, wher ei n t h e a n is otropy f or th e pr e dete rmin e d po rtio n of th e 
tub u lar assembl y is gr e at e r than 1 ; a nd where i n the strain hard e ning expon e nt for the 
p re d eter m in e d porti on of th e tubu l a r as s em bly is g r e ater than 0 .12. 

333, — T h e m e tho d o£-o(aim 310, whe re i n th e pred e t e rm i ned po rti on-^be4ub^iaf as se m bl y 
eo mpr f-ses-a-fir-st-stee I al l o y co m pr isi ng: O.Qgg- % C, 1AA % -M n, 0.01 -% P , 0 . 0 02 % S, 0.24% 
§±&Q±% Cu, 0.01 % N i, and 0.02 % Cr . 

334, — Th e m e t ho d of cla i m 333 , w hefein4be yi eld p oint o f the pred e termined poftion-ef-the 
tubula p-asse mbly is at m o s t about 46. 9 k si prio r to tbe-radia-l-expans i o n a n d pl a stic d e f ormation; 
ar^vherein the yi e l d p o int o f th e pr edete r mi n e d p ortion o f the tub ular a ss e mbly is at least 



335, — The method of claim 333, w h ere i n th e yi e ld point of th e pr edetermine d portion of the 
tub^aFassembiy-after the ra d i a l e x p a ns i o n and-plastio^efofTOatiofHs at least abo ut 40 % 
greater than the y iel d poin t of th e p r e d e t e rmined port i on of the tub u lar asse mbly p rior to th e 
fa4iabexpaasior^and-ffiastic deformation 

33& — Th^mothod-of-ola im 333, w horeifHthe-anieotro py o f th^r-edotermined-portion o f th e 
tubular a s s embly, pr io r to t he radial expansion a nd plasti c d e formation, is about 1. 4 8 . 

337, — T h e m et h od o f cl aim 310 , w h er e i n t he p redetermine d po rtio n o f t h e tub u lar a ssembly 
oomp-risos^a^e^ond-steei-atioy com p rising: 0.18 % C, 1.28 %-M n, 0.0 4^^-Pt-€^Q04 % S, 0.29 
% Si, 0.01 % Cu, 0,01 % Ni, and 0.03 % Cr. 

3^8, — The-method~of-Glaim 337, wherein the yield po int o f th e predetermined portion of the 
tubular-assembly i s at m ost-about 5 7. 8 ks i p r i o r to4he^adiaiH3xpansioR-a^ 





nelon .qi 

ttoivji I Cxi 



jp^fptrrn^tinn 
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and w herein the yietd-petf4-of4he^^ the t u bul ar as se mbly is at lea st 

ateout- : 74^tei-afte{4&^^ plastic d e forma tion 

339t — T^e-method-of-otaim 33 7, wh e r e in th e y i e l d point of the p rede t erm i ne d po rt ion of the 
t ub u la-Fas s e m b ly aft e r the ra d i al-e x p a n s ion a nd p last i c de form a t i on is at leas t a b out 2 8 % 
greatef4^afhthe-^^ prior to the 

radial-expans i o n a n d p l as ti c d e f o rmation . 

34& — Th e m e t hod o f cl a i m 337, wh e r e in th e a n isotropy of the prede t e rmined port i on of th e 
tubul a r as s e m b ly , prio r t o the r adial e xpansion and plastic def o r mat i o n, is about 1 .04, 

344-: — The me thod o f cla i m 310, wher ei n th e p re d e t er mi n ed portion of th e tu bu lar asse mb ly 
comprises a th i rd steel al l oy-co mprisin Qf-OrOe % C, 0. 82 % M n, 0 . 0 0 6 % -P^-Or003 % S, 0. 3 0 % 
Si, 0.16 % C u , 0.05 % N i, a fK^QrQ S % Cr. 

342-: — The-methed-of-Glalm 341, wherein the arHSOtfepy-of-the-predetermined-pertion ef-the 
t ub ular asse mbly, p fior to the r a dial e x p ansion a nd-plasti c deform at ion, is a bout -4r827 

343^ — Th e m et h o d of c l a im 31 0 , w her ein t he p r e d e termi ne d p ertien-o£4foe tubular ass e mbly 
Gom-pr-ises^40Uft-h^-teej-ailoy com p rising: 0.02 % C, 1.31 % - M n, 0. 0 2 % P, 0.004- % S, 0.-15 % 
Sh-9.1 %Ni, and 18.7 % Cr. 

344: — The m eth o d o f o laim 34^wherein4he~aniso t ropy of the p r edetermine d portion of4he 
t u b ul ar as s emb l y , p fior to t -he^radiale xp a n s i o n a nd pla sti c d e formation, i s about 1.34. 

345, — The-met h od o f c l aim 3 1 0, w he r e i n the yield po in t o f the-prede t er m i ned po rt i on -e£4he 
tu-buta^assemb]-y-i&--at mo st ateout 46t9 ks i pfio*4o4he-radfalexpansion and ptastte-4efor-ma-tierH 
and w here i n the yie ld p oi nt of th e pre det ermined portion of the tubul a r ass e m bly is a t le a st 
about 65.9 ksi after the radial e x p an s io n and plast i c deformation, 

346, — T^e-fr^ed--^^ o f th e predetefmmed-port i o n of th e 
t ubular assembly aftef4he-radia4^x^ defor ma tion is at leas^about AO % 
greater th an th e y iel d point of th e predeter mine d p ortion of the tubu l ar ass e mbly pr io r to th e 
radial-expansion and plastic deformation 
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34-7, — Tbe-met^od^cta^ 

tubu l a r- ass e mb l y , prior to th e~~r ad i a l e xpansion an d plastic d e forma tio n, i s at l east ab o ut 1 . 4 &- 

348-= — T^e-mette4-o : Ma m 310, wher-ein-tl^e-y-ield-pomt of the-firedetepmined-portion of the 
tub-uiar a s se m b ly is at most ab o ut 57.8 ksi prior to the rad i a l^xpan& i o n and p l astio-dofefmatiofH 
aft4-wheFeif^ of t he4^bulaf~asse m b I y is at-teast 

a b o ut 74.4 ksi after the r a di al e x p a nsion a nd pl a stic d e f o rm a t i on. 



349, — The m e th o d o f claim 3 1 0, wh e rein th e y ie l d po int o f th e pr e d e termin e d po rtion of t he 
tu b u I a f^$sembiy-^ftef4he^ 28 % 
grea te r tha n t he yie l d p o int of the p re det e r m in e d port i on of t he tubul a r ass e mbly prior to th e 
radial expansio n and pl a stic d e form ation 

350, — Tbe^et-ho^of-Glaim 310, w kefain the anisoti^py-opy^e-^fe4etern^r^d po rt ion of the 
tij&ula r ass e m blyvp rio r to th e radial expansi o n and plasti c d ef o r-fTiatiQn-is^ieas-t^-b0u^4TO4-T 

3£4, — T h e m e th od o f cl a im 310, w herein the aniso tro py o f th e pr e d e t e rmi n ed p o rt io n of t he 

Q fiO Thp mpthorl of Hnim ^10 \ A/ h p r p i n thp .^ni^ofmnw rvf ihp nrpriptprminpH nnrtinn of t hp 

OOC ill™ rrtX^ll \ XJ va ul OTCm I I O rTJTj V VTTCrTXTTrT CTrw lluUll KJyJj Cn I! rv3 j-J I ™v* w Lu I II III I v-TCI p/vyj U \JV\ C/1 trr t ™ 

ti^tai^^embjyr-pfioi^te^ radiaj-expa^^sten^and-pl a stic d ef or-mat-ieFv^aTteast-about 1.34 r 

3-53, — The-method-QTo la i m 310, wherein t h e anis o tropy o f t h e-pr edetermine d po r tion of th e 
tubular ass e m b ly, p rior to th e r -a dial expansion and plastic d e f o r m atio n, r a ng e s from a b ou t 1 ,04 



354, — Tbe-met-hod-oTcta i m 310, wbefeffi4^e-yie l d poi n t of t he pre det ermined-poFtiof^o^be 
t ubular assemb l y , p r ior to the radial-e xpansion and pl ast i c deformation, r a ng e s fr o m a b out 47.6 
tet4o^9wT§4^74^&ir 

355, — The-F^ed-0^claim-~-34^ 

p o rtio n o U ho4u&ula r assem &ty^-prior to th e ra dial exp a nsion a -nd^tastf€-4olorma ti o n , i s ~greater 
tha n 0 .12. 

356, — Tbe^qRetbocM^Tete^ 
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of th e t ub ula r ass embly . 

— The-methed-e^aim-^^ 

— The meth od-o^ela- m 310, whereifi-the tubu la r as se m b ly co m p r i s es a p ipeti-ner 

— The-metfred o f claim 310, v^efejfv4he-tutolat^ssembl>^Qmpfises a stwcfarat-suppertr 

— A-methed^f^eiRin^ 
p r o v iding a f i rst tu b ul a r m e mb er; 

efl§a§ing^-se€ond4ub-^^ t o for m a-jetfri? 

providing a sl e ev e havin g op p o s it e tape red-end-^nd-a-f ta Rge^GRe of t h e t apered e nds 

befng-a-suffaGe4Gr-me^on the ftangei 
m ounting th e s le e v e fo r o v e r la p ping and coupling the first and second tu b ul a r me m ber s 

at4he^eifiVwhefein the flange is engaged in a recess formed-in an adjaeeRt-ene 

ef4he tu bular me mbe rs ; 
wherein the f i rs t tub ulaf-memke r, th e s ec ond tubular m e m b er, and th e s le eve defi ^e-a 

tu-feulai^ssemMy^aRd 

whe r ei n , p rior to th e radial expansiefhand-plastlc deformation, a predetermined portion 

of th e tubular asse m b ly h as a l ow er yield point than another portion of the tubula r 
assembly^ 

— T-he-fflethod-a^def-i n ed-i-R-Gla i m 360 furtheF^empfteif!§^ 

p r o v idin g a ta p e re d wall in t h e re ces s fo r m a ting e n ga gem e nt w i th the tap e red 

e nd formed on th e f laager 

362, — The method as defined in claim 360 furth e r comprising: 

pfovidl n g a f l ang e~a£eaeh4apere d end w he rein e ach ta pe r e d end-le^ofmed o n a 

respect i ve flang er 

363, — Th e me tho d a s de f ine d in cla i m 362 furth er compr is ing: 
pfovidfR§-a^e€e^s4R-eaGh-tubulaf-membefr 
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engaging e ach flange in a resp e ctive on e of th e r e c e ss e s. 

pfevidl ng a t ap e r e d wall i n each r e c e s s fo r m a tin g eng a g e ment w i th th e t apered 

e^-d-for-med on a-respecti v e one- of th e -flanges? 

— TheH^^^ednsf^ 
ha s a h i g h e r d u c tility -and a lo wer yi e ld po int prior t o th e rad i al e xpansion and plastic 
defef-ma-t-ion than after-the-rad fat-expansion- and plastic deferoafeh- 

367-: — The---methG€^0f-€teim-^ 

has a h igh er ductil i ty pr io^4o4he-rad4a4-exp an s i o n a nd plastic def orma ti on t han aft e r th e radia l 
e x p a nsion aa4-plas-tfc-de f o rm ation. 

3©& — Th e m ethod o f claim 360, whereifHthe-prede t ermined portion of the-tukular assembly 
expan s ion a n d plas t ic de f or m ation 

36-9, — T h e met-hod-Q^-elaim-^QQ-wheffiiR-the-pfed ete r m i n ed-pQft4en-G^-the-t-ub y ta-r-assem hly 

I Jdo d ial vjci I n oitlt? \J \ Crrri C It? f CrrttSI H it? I d \J I Ci r T?7vp-Crr$ O f vJ f t Crr 

po rt i on of th e tubula r assembly. 



370^ 



The met h od of c l a im 36 9 , f urth er co mp ris i ftg^ 
posifening-anether tu b u k 

re l ati on t o th e tubular ass e m bl y; an d 
rad i a l l y expanding-and plasticatiy^efmi^§4he-^ther t u bu la rassen^^^^be 

pfeexisting structure; 

wher-eifvprior t o the^dla-l^^ansjoB-and^^stle^eferR^tion o f the-tubula^ssembty^ 
predete rmin e d p ort ion of the other tu bular-ass e m b l y h as a l o w ei^yfetd-po int tha n 
another-portion o f t h e o t her tub ul ar assemklyr 



37-1^ — The-met h o d o f cl a i m 3 70, wherein-tl^in-si4e^ia-met-ef^)f the ra4iatiy-expa^4ed-^an4 
plastically defefmed-ether-portion of the tubular-assembly4s-equal to the inside diamet er o f t h e 
fa^fe+ly-expaF^ed-aftd^ 
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372, — The-met-hod of c laim 360, w her ei n the prede t ermined p o rtion o f th e tubular ass embly 
compr 4ses-an-end portio n of th e tubu lar a s se mb l y. 

373, — The m e t hod of cl aim 3 6 0, w h e rein the pr edetermin e d po rti o n of th e tu hfcteH^ass emb l y 
eefflftftees^a-ptoaJty^ of t he4 ub u lar a ss embly? 

374, — Tbe-meibod-o^atfR 360, wh e re i n the p r-edetermifted-pQrti o n o f the4ubular ass e mbly 
c omp ri s e s a plurality of s paced apa rt predetermine d portions of th e tubu lar a ssem bl y ? 

37§; — Tbe-meth o d of c l a i m 36 0 , wh ere i n t he o th e r portion o f t he t u b ul ar ass em bl y comp rises 
an end port i o n of t h e tubular as se m bl y , 

376, — T h e m ethed-^f-elafffv3@0 T J wheffii n t h e ot her p orti on o f th e t u bu lar a s s e mbty-com pr-i-se s^a 
p lu r al i ty o f o t he r po rti ons of t he tub ular ass embly? 

377, — Tbe-method of cl aim 36 0, w herein the otheppertie n of th e tu butef- ass e m b ly co m pri s es a 
-The-method-Q-^Glalm 360, whefefB4he4ubufar : -assefflb^^ 

*>l p> H \d nnp .Qnoth ^r H\/ porrf^Qn o nH i nn ft iH> tl^r mi > n lin nc 

sixZXJ l\J \J\ }<c; Cn IvJU I CM Uy \^\Ji I CO[JUI lxJl\ iy tUUUucn \^\J U p rt II tjo. 

379; — The-meth od-ef-el a i m 37 ^whet^if!4he-fefb ul ar co up l in gs CQm p Rse4be-f^detefm+Re€t 
p orti on s of th e tu b ula r as s e mbly; an d wh ere in the t u bula r m e mb e rs com pris e the oth e r portion 
o f the tubul a r assembly? 

330, — The-methe d o f claim^Tgr-whefeffhone or m ore o^the-tubula r-Gou-pH Rg s comprise4be 
predetermined p o rtions of th e4u bul a r a s s embly. 

334? — T he m et h od o f cl aim 378, wher e in o n e or more of t h e tub ular members co mpris e th e 
fifedeter m ined portion s ef4he-tubulaf^sembt^ 

332, — TheHmethQd-e^^m-36Qr^¥hefeln the p r edetefmmed-po rti on of4he-tubuteFassembly 
defines one or more openings. 
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384-: — Th e m e th o d of claim 382, w herein the anisotropy for the pred et e rmined p orti o n of the 

— fte^e4hedH^le^ 
tubul a r ass e m bt^is-greater than 1 . 

— The-method of claim 360, wh e rein th e st ra i n harde ning e xpon e nt fo r t he pred e t e rmin ed 
port i on of th e tubu l ar assemb l y is gre at e r than 0,12. 

387-, — Tbe~method of c l aim 360, whereirhthe-aRfsotre^^ o f the 

tu-buiaj^ssembty is greater th a n 1; and wh e r e i n th e s tr -aiff^fd^i^g-e x p on e nt for th e 
prede te r m i n ed portion of t h e tu b ula r a s sembl y is great e r than 0 .12. 

388, — The method of claim-3§0rwherein the predetermined portion of the tub ul a r a ssembly 
Si, 0.01 % Cu, 0.01 % N i, and 0,02 



3&-9~: — The-method-ofolal m 388, w hefeln-the yield-point of the-prede-termfned por t i o n of t he 
fabufef^ssembl)M^ 46. 9 ksi^rioFte-the-radial expansion a nd plastic defefmationi 

and wherein the yi e l d p o int of t h e pre d e t er mine d portion of the tubular assem b l y i s at lea st 
abo u t 65.9~ k si aft e r th e radial expansion and plastic deformation. 

^QO Thp rnpfho H of plni m ^ R fl \A /hprpin tho wiolrl noinf of tho nr/aHjatormin^H no rtio n of th o 

t ub ula r a ss e mbly after th e radial e xpansio n a n d p l as tic de fo r m atio n i s a Meast ab out 40 % 
gieate^ton-the^eid-poin t of the pre d e t e r m ined-por4iof^Uhe4b^by-lar asse m bl y p ri or t o 4he 
radial expansion and pl a stic deform a tion 



3-9-1^ — T h e m e th od o f claim 388 , w herein the a nisotr o py o f th e p redetermine d p orti on o f th e 
t-^bu-laf--assem-bl-y--pr40^-te-t-he ra d ia l expansioFHand-ptaette-de f o rm a ti o n , i s abo ut-4^4&r 



392, — Tbe-method o f c l aim g6 0r^efein4he--p^ of the-tubular assembly 

comprises a second st e e l-aHoy-oomprisiR§4-0.18 % C, 1.28 % M ivO.017 % P, Q . 00 4- % S, 0.29 
% Si, 0.01 % C u, 0.01 % N i , and 0.03 % Cr. 
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3-93^ — The-meth od of cl ai m 392 , w hemifHfoe^eld^ p ertien-ePtbe 
tu-buiar as sembly is at m ost about 57.8 ksi prior-to the radial expansi on and pla s tic d e for mati o n; 
and wherein the yield point of th e pred e t e rmined port i o n of the t ubul a r a s se mb l y is a t l e ast 
about 7AA ksi aft e r the ra 4iaj-ex^an sio n a n d p la st i c d e form ation 

3-94, — The meth o d o f c la im 3 9 2, wh e r ein t bo^iei d p o i nt of t he p rede termined p orti on of th e 
fa-lsM^a^assefr^ a b ou t 28 % 

grea t e r th a n the yie l d poi n t o f the pred et e rmined p or ti on of t h e tu bula r asse m b l y prior to th e 
facial-expansion a nd ptastte-deformatfofb 

395, — T-he-ffiethGd" 

t ub ula ^asee m b ly , prior to the r ad ial ex p a n s i ofHaff4-pta6tic de fo r mation , is about 1 .04 t 

396-: — Th e meth od o f cl a im 360, w herein then^fedeterm i ned p o rt i on of the-tu-bular asse m b ly 
eomp*%es-a4htfd steel alloy comprising: 0.08 % C , 0.8 2 %-Mn, 0. 00 6 % P, 0.00 3 % S, 0.30 % 
Si, 0.16 %^y 1 -0 r Q§-%44i^and 0.05 % Gn 

^ethod^fote4fn-^9&v^¥h er 

">q m Hi^I pvnn nci iAn PtnH oln^t ip rlpfnrmptinn U 

i~ rcxct luT u Ap xiattCjiXz/ 1 1 Crt rt? jjro olio \J~ I v^rti ra tiv^r r ; ! " 

393, — The meth o d o f cl a i m 360, wher ei n th e p redetermi n e d po rti on of the tu bular assembly 
co mp rises a fourth s teel a ll oy co m pr is ing: 0.02 % C, 1.31 % Mn, 0.0 2 % P, 0. 0 0 1 % S, CMS % 
Str&4-%-N i, and 18.7 % Cr. 

39ft — The m e t h o d o f cl a i m 3 9 8, w herei n the a nisotr o py of the pr e d eter mi ned porti o n of th e 
tubular-asse mb l y , p r ior to tbe-radial expan si o n and-plaetio^eforma t io n , is a bout-l-rg^ 

40ft — The metho d of claim 360, wher ein t h e yie l d point of the pred e t ermin e d p ortion of the 
t-ubutef-a-ssemb-^f^ p ri or to th e rad i a l -expans i o n a nd pl as tic de f o rmati on; 

and~wberein the yiel4i30tf^f4hei3fe^ the tubu l a^assemb^is-aMeast 

abo ut 6 5 .9 ksi after~tl^-fa4^ 

4ftk — Tbe-method of claim 360, whorelR4he-yield point of the predetermined p o rtion of the 
tubular as s embly afte r th e radial e xpansion and plastic de f o rmation is at l east about 40 % 
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gre a ter than the yield-point of the^redetefmined-portion o f ~4he-tobfcd ar assemb l y p rio r to th e 
r ad i a l-expaneiorHand-plast i c deform ation 

402, — T-he-metood-Q^claim 36 0 , wh e r e in th e anisotropy o f t h e p re d e t e rmined portion of th e 
tu bula r as s e m bl y , pr ior to the r ad ial e x pa ns i o n and plast ic d e f o l iati on , i s - at l east a bou t 1 ,48t 

403, — The-me t ho d of cl aim 360, w here i n the yi e l d poi nt o f th e pre d et e rm i ned po rtion of th e 
tubula^assem&l y is at mes^-about 5 7 .8 k si pri or to fe e r ad ial exp an s i on-and plastic-de for ma t io n ; 
and-wberein the yield poi nt o f the predetermined p o r t i on of th e tubula r asse m bly is at l e ast 
about 74.4 ksi-aftef4he^ and plas-tiG-de-for-mat-iofVr 

404: — The metho d of claim 360, wh e r e in the yield po i nt of the pr e d e termin e d port i on of th e 
tobula^asee m b ly afte r th e r ad ia l e x pansi o n a nd pl asti c d e form a t io n is a t ■■ l east-abo ut 28 % 
gre at er than4fre-ytetet^ portio n ef4he4ubutaf-asse^ 

ra4ial-exp ansion and pla s ti c defo rm ation 

405, — The-metbod o f c l ai m 36 0, wh erein the anisotropy of th e predet e rmi ne d -portfon-o^the 
t u b ul a r as se m biy 1 -pfioFto4he^a4ial-expan si o n and p la ^tic-defofmation, is at lea s t a bout 1.Q4v 

400, — T-be-ffiethod o f c l a i m 360, whefein-the-anlsotropy of t-he--predetefmined--poft4Qn-of-t-he 

407, — T he m eth o d of c lafm-gOOr-wherei n t h e anisotro p y o f t he-pfedetermined-portion of t he 
tu b ul a r assemb-iyr-p ri or to t h e radia l e xpansi o n and pl as t ic d e formati o n , is at le ast about 1 .34. 

408, — Th e m e t h o d o f c l a i m 3 6 0, whe re in t h e anisotropy of the pred e t erm ined p ortien-eHbe 
tub u lar-assem b l y , pr i o r to t he ra di ai-expa-n&ion and ptas-tio-deformation, ran§es-fr-om- ab o ut 1. 0 4 
t o abo u t 1. 9 2. 

40ft — The^nethod-of-Gtaim 360, where i n t h e yield poi n t of the predetermined port-ion-o^the 
tokul a r assemblyr^^ 
ksi to abo ut 61.7 ksi. 

404, — The method-of-o^m 3607-wherein the-expandability coeffioie nt o f the-predetermme4 
pef&oneWke4u&ulaf^ss^ 
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492, — The meth od o f c laim 360, wh e r e i n th e e xpan da b i li t y co e ffic i ent of th e pred e t e rmine d 
o f t he t u b u lar a ss e m b ly . 

493, — The m e thod of c l a i m 3 6 0, w here i n the tub ula r assemb ly co m pr is e s a w e llbor e cas i ng. 

494, — The me th od of c la i m 36 0 , w h erein th e tubular assembly c om pri s e s a p ipe li ne, 

4Q&-. — Tt^m ethod o f claim 360, w herei n the tu bu lar assembl y co m p ris es a s truc t ural supp o rt. 

49& — T-he^apparatus of cl a i m 205, wherein-aMeast a por ti o n o f th e s l ee ve i s c empfieed o f a 
fran g i bl e material 

497, — The apparatus of cl a im 205, wherein the wali4hiekness of t he-steeve is variahter 

49& — T h e m ethod-o^elaif n 310, w h e r e in a t least a port i on of t he-sieeve-is com p rised of a 
f ra n g ible mate ri a l 

499, — The~me th o d o f clai m 310, w herei n th e sl eeve co mp ri s e s a va rfabje^A^afUh-tekne s s. 

500-; — The appar a tys-of-eteim 205, further comprising: 

m ea ns fo r i n c r eas in g the axia l co m p r e ss i o n loa d i n g ca paci t^o f t h e join t b e tw ee n th e firs t 

de f o r m ati on of th e fir st an d s e co n d t u bula r membe rs. 

§04, — The app afatus of claim 205, further co m prising: 

m e ans for i ncr e asing the axia l t e ns i on loading capac i ty of the j oint be twe en the fi r s t and 
second tu b u lar m e m be rs before and aftep-a-fadia-l-expansion a nd plas tic 
de format ien-of4he-fes-t-affd^e€ond t u bular m embers 

502-; — The-apperatu-s-o^Gtefm 205, fa-rthef-eomprising: 



44 



25791.307.04 



be^eet)4he4\£$i~a&d secon d t bi-b^-la^mefflbefs-bef or-e-a n d a f te r a radi al 
e xpansion and pl astic d e formation of t h e f irst an d s eco nd tubu la r m e mbers. 

§03, — The ap p a r atu s of c l aim 205, further compris i ng: 

mean s for av o idi n g st ress risers in the joif^betweefv4he44F&^afi d s e cond tubular 

memteers before a n d af te r a rad ial expaf&ion an d pl asti c d e form a t i on of the firs t 
a-ftd-seoond-tubul a r m ember 

§94- — Tfte^pparat-us-©f~G(am^ 

me a ns fo r in du c i ng st re ss es at se l e cted p ort io n s of t h e co u p l ing bet w e en t h e first and 

deform atio n o f th e f ir s t a nd se co n d tu b ular me m be rs. 

§Q& — Th^appaf at us o f cl a im 205, whefeln-the s l ee v e is circu mf e rentia ll y tensione d ; and 
wherein the-first an d s ec on d t ubu-lar members are cffeuftfefe-ntiall y compressed. 

506, — The method of cl a im 310, fari& er comprisin g: 
maintaining the sl ee v e i fi circumfefeetia-Uen si on; and 

m^int^ininn thp fir°it anH <^pponH tnhnlnr mprnhprQ in pirrt imfp^rpnti.ni rnmnrpQQinn 

50-7, — The appa ratu s of claim 205, wh erein the sleeve is circu mf e r entiall y tensioned; and 
whofe in the f i rs t and s ec o nd4ufeBlaf-members are circum f eren t ia-H y compr essedr 

wh e r e i n th e fi r s : ^a-nd-second tu b u l a r m e mb e rs are ci r cumferenti a ll y c o m pre sse d. 

509, — The method o f cla i m 310, further comprising: 
maji^ifHB§4^ 

m ainta i n i ng th e firs t aM-seco n d tubu lar m e m b e rs i n ci rcum ferential co mpr e ss i o n . 

54ft — Tho^mthod-o^olai m 3 10, furth ef-comprisi-ng; 
malRtaifm§4^ and 

maintaining the first a nd^econ^BbbfeF-membere-- i n circumferential-compression. 



45 



25791.307.04 



^e^paFatus-ef-elaim^ 
a nd aft e r a r adi al e x p a n sio n and plasti c d e fo r m a ti on o f th e f i rs t a nd s eco n d tub u la r 



members-are ci r c umf ere nt i ally c o mp re ss edr 



§42, — T he app a ratus o^e laim 501, whe re i n t h e m e a ns f o r incr easi ng th e a xia l t e nsion loadm§ 
capacity o f th e coupling betwe e n t h e first a nd second tubular members b e f o re and after 
a r adi al e xpan s ion an d pl as tic de fo r mati o n of the first and s e cond tubular member-s4s 
eircumfefe^at^tefi&iefied; and wfrefem4he f i rst and~seGond4u buiaf-fFiembef s-a-re 
c i rc umf e r enti ally compressed. 



545^ — The appar atus of-olaim 5 02 , wh er e in th e m e ans f or^aer-eas i ng th e a xial comp res s ion 
aR44eRsiorv4oadlR§-Gapac it y o f t he-eeyp-H-Ffg-between the f ir s t a n d see-on d4-ubulaf 
me mb e rs before an d aftsf-a ra d i a l e x pansion-and-pla s tic def ormat i on of t ke4ifst and 
seeoad tubular members is cir cum ferentially tensioned; and-wherein the first-aad second 
tab-atar memb ers are circu mf erentially compressed. 

544^ — The-appa-ratus o f c l aim 503, wh e r e i rvt&e-meaas for av oid i n g stres s r isefsa-R-toe coupl ing 
•between th e f ir st a nd -seeo n d tu bular m e m be r s be for e aad-afte-^a-rad i a l exp aaeiorHaad 
M ast ic defefmatiea-Q^foe first a-Rd-seeond-4u^utef-m e mbers i s c i rcum f ereatfallv 
tensioned; and wherei n the fi rst and s e cond tubular m embers a r e circumf erentially 
compr e sse dr 



§4-5, — The-appafat-us-G^daiffl 50 -1 y whe-rei-a4h afflean s f or ind u cing stresses at-seteeted 

po r ti ons of th e co uplin g b et w een t h e first a n d sec ond tu bul a r m e m bers b efo re a n d af t e r 
a~fa4ial~expa-f^ieF^^ 

c i rc u mferen t ially tensio n ed; an d w h er e in th e f i rs t and second tub u lar members aro 
eifeumfefefvtfayy-ceffl p ressedr 



54@t17. An expandable tubular asBemfeiy^eempftelng^ a-fifsMu byia^mem be r~ 

a-^eGead4ubaiaFaaea*eF^^ 

a f irst thr e ad e d co aaee& o n fo r co u pling a portion of th e first -a n d s e c on d tu bu l ar 

membef&i 
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a s eco nd th re a-eted-cenfiection spaced apart from tbe4ifst-thfeade d con ne ct io n f or 

co uplin g a &Q&&^Q?tie£H^\&e first and s ec ond tub u la R^emteersf 
a t u bular slee ve coupl e d to an d receiving end portions of th e f irst and se co ndrtu-kuiar 

a-seafeg el e m e nt pos i ti o n ed b e tw een th e firs t a nd-seeo nd spac ed apa rt thr e aded 
connections f or seal ing an i nter face bet w een the fi rst and sec o nd t u bular 
mem b e r; 

wherein4he-^eatin-g-etement is positioned^A/ithin an~annulus def-ined-between-fee-ffr-st 

an d s ec ond t ub ular m e mb e rs; and 
whefeifh-prio r to a fadfa^expan-sioR-and-ptastic deforma4ien-ef4lqe^assemb<y^a 

p red e t e rmined p orti on of t h e assemb l y has a lo w e^yiet d po i nt th a n another 

po rt i on of th e ap p a ra tu s. 

54-7, — The-assembly-o f cl ai m 516, wherein the pre d et erm i ned-portio n of t he asse mbly h a s a 
high er ductili t y and a l ow e r yield point prior to the rad ial e x p ansi on and p l astic deformation tha n 
after the radi a l expansion and plastie-defermationr 

54& — Th e as sembl y of c lai m 516, w h e rei n the pred e t er-mi-ned-portio n o f t h e as sembl y h as a 
highe r d u c ti lit y p r ior to the r a d i al-e xpansion an d plastic d eformatio n th an after t he r a d ial 

549-; — Th e ass e mbly of cl aim 516, wherein the p r e d eter m i n ed p o r ti on of the assembly has a 
exp ansi on a n d p l astic d e fo r m a t i on . 

520, — T he assemb l y o f cl a im 516 , wher e in th e predet e rmine d p o rti o n of t h e as se mb ly-has-na 
larger inside diam ete r after the radial expansion and pl astic de format i on than oth e r po rtions o f 
the t ub ular asse mb l y . 

524, — The^ass e mb ly o f c la i m 520, f urthoFoompftein§f 

posifenlng^notiw^ssembj^-fthin t h e p ree x tette§-6ft^^ to 
the-assemblyf-and 

faeKaHy-expanding and-plastiGatiy-d^ t h e preexisting 

struetwei- 
wkerefFhrpriop^ 
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pertiejvo^be-etber-asseml^ 

§22-, — Th e a s s embly of claim 521, w here i n t he insid e diamet e r of the radia l ly e xpand e d and 
pl as tic ally de fo rme d other por tion of th e assem bl y is equ al to the ins i de di a me te r of the r a d ia l l y 
expand ed^ftd-f? [a s-tiea 1 1 y de f o rm e d other-portion of th e^tbe^esembiyr 

§2& — The as s embly of cla lm-54^ r ^i^eifh4he-p^ o f theessemkly 

co m pr is es an end p ortio n of th e a ss e mbly. 

§24, — The ass e mbly of claim 516, wh erein the prede termi n ed portio n o f th e asse m bl y 
comprises a pluralit y of pr e d e t e rm ined-pertions-e f th e ass em&fyr 

§2€h — The-assembl y o f clai m 516, whereifhthe-pFedete rm i ned-portion-of-th e a ss embly 
compris es a plu ral ity of spac ed ap a rt pr edet e rm ine d portion s o f the ass e mbly ^ 

§2-6, — The asse mbly o f claim 51 -6^-wl^erein the other portiorvef4he-asse m bl y c om p ris es an-e^d 
pertien-o^the a ss e mb l y . 

plurality o f o^r-portiofis-^tbe-assemMyr 

£2& — The^assembly of claim 516, w herein the ether portion of the assembly^omprises a 
plura l ity of s paced a p a rt o th er po rti o ns o M he-asse mb l y . 

529, — The a s se m bly of cl a im 5 1 6 , w here i n t h e as s embly compris e s a plural it y o f t ubu la r 
members co u pted4o-one-another by corresponding4ubular-€Q^plfBgsT 

— Tbe^3-setf*l>M2f-e^^ 
pertien£-o£4he~asee rnb l y ; and w h ere i n t be4ukul ar m e mb ers c ompris e theetber po rti o n o f t he 
asse m b ly » 

§£4^ — The^aesembly^ f cl a im 52 9, wherein-one or m ere of th e-tubular coup l iegs-eompftee-the 
p^edetermined-portions of the assembly 
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532, — The-assembl y o f claim 5 29 7^A/4^r^ifHOTe-o^ffl0Fe-G^^ tubu laf-ffiembef&^mfii%e4t^ 
pre det e rmine d p ortions of the ^assem&iyr 

533, — Tbe^ssemfei-y-o f clai m 516, wher e in th e p r e det e rm i n e d portion of the asse m bly d e fi n es 

534: — Th e assembly of claim 533, wh er ein one o r m ore of t he o p e n in gs co mpris e s l oter 

535, — The a ss e mbly of claim 5 33, wh erein the a ni s o trop y for the pr e d e termined portion of the 
a ssembly i s gr e at e r than 1 . 

536, — Th e asse mbl y of cla im 516, wh e r e in the anisotropy fo r the pre d e t e rmined portion of the 

537, — The-assembly of cla i m 51 6 , wh ere in the s tra in hardening expo n e nt f o r t he 
pfed-eter-mined portion of the asse mbly i s greaterrthan 0.1 2. 

533, — The a ss e m bly of claim 516, w hofeifntho^ an i s o t ro py for t he p r edeter nft i-ned- p ortion o f the 
a ss e mb l y is gr e ater than 1; and whefei-FHthe-strain h ar de ning expon e nt fo ^4he-pre4eterm i n e d 
poft-iofhof-the-assemb-l^fs-g-Feater t h a n 0.12. 

530, — The assembl y of clai m 516, wher e in th e p redetermined portion of the assembly 
eomffi4ses~a4irst steel alloy comprising: 0.0 6£-% C, 1.44 % Mn, 0.01 % P, 0.002 % S, 0.24 % 
Si, 0.01 % C u, 0. 01 % Ni , a n d 0.02 % Cr. 

540, — The asse m bl y of cl aim 539, whe re i n the y i e l d p oint o f the pr e d ete rm ine d p o rt i on o f t h e 
assemte-l y is at m es^abo ut 4 6 .9-ks i prio r to thaT-adia^ex-paf^io?^Rd-plas-t4o-4efer matio n ; and 
w h e rein the yield point of the predeterm in ed portio n of t h e assembly is at l east a bout 65 .9 k si 
after t he r ad ia^xpa^siQff^d^la-stiG^efQf mat-ion, 

544, — The-assembl y of c la i m 53 9 , w 4^fem4h^eld-po mt o f t h e p r e d e te Ryvi-ned-poftion-oUhe 
ass embly ~after4he r a dial expansi o n and plast f€^defofma4or^ 40 % -greatef4han 

the-yioid-^ofRt o f t he~pfedetermined portion o f the assembly~pnor4o4he radial e x pa nsi o n ana- 
plastic deformation. 



49 



25791.307.04 



§42r. — The^ssemtely^-^^ o f the 

assefflbly^-pffor to t he^dlal-expanslen an d p l a stic d efamatio n, is about 1.4 8r 

§43-: — The asse mbly of claim 516, wherein t he p rede t ermi n ed po rti o n o f t he as se mb l y 
compris es a second st eel a l lo y compr i sing: 0.18 % C, 1.28 % - Mn, 0.017 % P, 0. 0 04 % S, 0.2 9 
% Si, 0.01 % Cu, 0.01 % Ni, and 0.03 % Cr. 

§44-: — The asse mbly of claim 543, whe re in the yield point of th e pr e d e termined portion of the 
a ssemb l y is at m o st about 57.8 k si pri o r t o the radi al expansi on a nd pla stic defo rmat i on; a nd 
whefem4he-^^ portion^f4he-a&semfety4s-at4east abou t 74.4 -ksi 

aft er t h e rad i al e x p ansion and plastic d efo r mati o n . 

§4§. — zpfre-aes embly o f claim 54 3, w here in th e yi eld po i n t of th e pred e ter mined-po r ti o n o f t h e 
asseffl&ty-aftef t h e r a €tial~expa ns i o n and plastic d efoffflafefHS-ai-least-abo ut 28 % grea t er th an 
t he yie l d po i nt o f th e pr ed ete rm i n ed po rtion of the as se m b ly p ri or t o the r a dial e x pansio n and 
plastic de-for-mat-ioFh- 

§4& — T h e a s se m bl y of cl a i m --543 r ~wh er ein the anisot-ropy of th e p rede t e rmi ned portion of the 
assembtyr^rfo r to the r a dia l expans i on and plastic-deformation, is~abo ut 1.04r 

§47, — Tbe ass e mb i ^ o f c laim 516, whefein4he~pfedetem^^ assembly 
comprises a third steel alloy c o mpr is i n g: 0.08 % C, 0.82 % Mn, 0.006 % P, 0.003 % S, 0.30 % 
Si, 0.16 % Cu, 0.05 % -Nirand 0.05 % Cr. 

SAfi T~hp .^^Q prnhK / o f dnirn R /17 w h^riai ri th f^ .i ni^otrnn w of t h p or ^Ho t Q rr o i norl n nr ti n n o f t hp* 

c/ t"tr: I l ie? aoocn i i\JTy I v> I cs H I I \Lr-t t , vTnnXsi c-iri cr i\> d t novj u vvpry tn tr jc? pn ksxj c? tc? t i r lit tC'VJ f_/\_/t r r VJ1 crr\5 

ass e m b l y , p ri o r to t h e rad i a l expans ion and plastic d ef o rm a t ion, is a bo ut 1. 9 3r 

§49, — The assembl y of cl ai m 51 6 , wh e r e in th e pr e d e term i n e d po rtio n of t he as s emb ly 
GemftFise€r^^ 0.02 % C, 1.3 1 % -Mn, 0. 0 2 °/crP, 0. 0 01 % S, 0.4 5 % 

§§0, — The as se m bly of claim-4540rwhe r e in the a nisotrop^o-Uhe-fire4etem4ned po rt i on of the 
assembl y, prior to the-radi^expaf^ion-a-nd-plastio-defermatfon , is about 1.34. 

§§4-; — The asse m bl y of c l aim 516, wh e r e in the yield point of the predet e rmin e d po rtion of the 
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occpmhj 



afte^4heH^4a4-expaR^-io n a n d p l as t ic defo r-matieftr 




Reformation $ ar^d 



55£, — T he asse mbly of claim 516, wh ere i n the y i e ld p o int of th e p r ede t er m i ne d p ortion of th e 
a&semhly-aftef th e r a d4at-expa^&fQf^and pla s tic^efeffmt-iofhte-a-i4east abouM^4-§-Featef4ten 
t he yi e l d p oin t of t he p r ede termi n e d port i on of the^ssemhly pr i or to the radial e xpans ion a n d 
plaefe-defefmatioFh 



553, — Th^assembly-ef^ela+m 5 16, w herein the anisatro^y-Qf^^ 

ass em b ly , prio r t o the r a d i al e xpansion and plastic d e f ormation, is at le as t ab o u t 1. 4 Sr 



554; — Th e ass e mbly of cla i m 516 , wt^ef&ffvH^e^eldi^of nt of th e p r e de termined port ion-e^^he 
assembly-is at most-a bout-57-rg-k-s i pri o r t o the r a d i al-expansion a nd pla st ic de f ormati on; and 
where i n t h e y ie ld p o int of t he p re determirfed-p orti o n o f th e ass e m bly is at l e a s t about 7 4 .4 k si 
after the radial exp a nsion and p l as tic deformation 



555, — The a ss e m fejy-o^daj ffl 516, w h erein th e y ie l d poi nt o f th e^fedeter m if^ed-poftion o f the 
assembt^afte r th e rad ia l expan s i o n and pl asti c de f o rmati on is a t le ast about 28 % g r e at er th an 
t-he~y-ield--pomt--^ 



556, — The a ss embly-of-daim 516, w herein the-afMsetrepy o f the prede t ermifted^ortioFh€^4he 
assembjyr-pho r to th e-Fadial-expafi s i o n a nd p l a stic d e f o rm ati on , is a t least abo ut 1.04. 



557, — T h e asse m bly of cla i m 516, wher ein the a nis o t r opy of th e p re determ in ed p ortion o f th e 
assembty^rio r to th e radlat-expafisiofHand plastic-defofmatiorvte-aye a st ab8HM^Q2r 



558, — The-assemyy-ef^^ of the 

assem bly , pr i o r t o t he-FadiaJ-expan-s i o n an d plastic deform a t i on, i s a Meas^ab out 13 4 . 



559, — The-a-s-sembly of c lai m 51 6 , w hereifv4he^aRteotropy--o f t h e p r e d e t er mined p ortion-o f the 
assembly, p r io r to th e-fadial expansion and-plas t ic de f or m a ti o n , raRges-from^abobfM-7Q4 t o a b out 
4^2v 
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§§& — ^e^ssembly-€^laf tTH^-gr^t^re i n the yield-pGH^t^Ut^pfedetepmiRed-pGrtfGn o f t he 
asse mbly, prior to t h e r ad ial exp a ns i o fnaf^-plast i c de fo rm at i on , ra nge s f r om a bo u t 4 7 .6 k si-te 
a bout 61.7 ksi . 

§§4, — The-asse mbly of c l ai m 516, whe rein the expandability coefficient of the p r ede ter mi n ed 
port i on o f t he-assembl y , prio r t o t te H=ad4al-exfiafts^ i s greate r th a n 

5§2r. — The assemkly-o£-claim 516, wh ere i n th e e xpandability co e ffi c i en t of the predetermined 
pof on-Q-Uhe-assembi ->h s g r e at e r th af>-the-expand abil it y coefffGieRt^f4he-ot-her-p0rtfQR-Qf4he 
a ss e m b ly. 

— Th e as sembl y -o f - cl ai m 516, w hefeifFfee-ass e mbl y co mp ri s es a w e l l b o r e cas ingr 

§M, — The-nassembly^Q^lai m 516, wherein th e a ss e mbly compris e s a pi p etioer 

56&; — T h e ass e m b ly o f c lai m 516, w herein t h e-assemMy-eomp rises a structural support 

§66, — The- ass e mb l y o f cl aim 51 6 , wh ere in t he a nn u lus i s at l eas^paffeti y define d b y a n 
ifregulaf-suffaee-r 

§&7~. — The assembly of claim 516, wherein the a nn u l u s is a t least p ar ti a lly defined by a toothed 
suffacer 

materia l" 

§§& — The ass e mbly of claim 516, wherein the sealing e l e m en-^co m p r ises a m eta ll ic material. 
§7-0, — The-asse mbly of c l a im 516, wherei n th e s ealing el emef>-i^ omp r is es^aRe l a stome Ff€-and 



§74-: — A-mefeod-o f j oi n i ng rad iatiy^xpandabte4obu^ 

pfwidifig^lfsUutot^ 

providin g a se c o n d tubula r m e mb e r; 
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ap a rt fro m the f ir st l o ca t ion! 

s e cond lo ca ti o ns usin g a c ompr es s ible seating-ele m e nt , wh e r e in th e first tu bul ar 

member, s e co nd4uby la r-~memfeer— sleeve , and the-seating^emefrt-definea 

tubu l a r a ss em b l y ; an d 
radla-Hy-expanding and^testotiy^fepmln§4he tubular a ssemb^ 
w he re in, pr i or t o t he ra d ial ex pan s ion and p l asti c de f o rm atio n , a p r ed e t e rmin ed po rtio n 

of4he t u b u l ar assembly has a low e r y i eld point than another p ort i on of th e tu b u la r 

assembly. 

§7^ — Th e method as d e f in e d in claim 571-^e rein th e s e a ling el eme n t inc lu des an irr eg-ular 
surface. 



§7-4, — The-method-as^efined-in-cla^ co m prises an 

elastomeric mate ria l . 

§7-5, — T h e met h od a s-def i ned in c laim 5 7 1, wher e in th e s eali ng el ement com pris es a meta l li c 
material. 

§7& — The-met^d-asH^efee^ 
elastome ri c and a m etallic material. 

577, — Th e m e th od o f cl ai m 571 , w h e re i n t h e pr ed e t e rmi n ed p o r tion o f the-4-ubbftar-^-&&embty 

has-a-fri§ber-du^ 

defcrmaiien-tharraft^^ 

57^ — The method-exclaim 571, wf^pein4he~predetem4ned portion of the tubular-assembly 
h as a h ig^er^etltity^ner t o t h e radjaJ-expansiefr^d^slas^ 




Ipf jnp( 

rCI II I ^ ' 




surf a ce. 
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§78. — Tbe-m et h o d of c lai m 5 71 , wh e r e i n the prede t er min e d p orti o n of t h e tubular asse mb l y 
has a lowe^etd-pei Rt prio r-to th€ 
expa n sio n a nd plastic defo fmationr 



— T he m e t ho d o f cl a im 5 71, w here in t he pre d e t er m i n ed p o rt i o n o f th e tubular-assembly 
has-a4afgeFHtt6^ an d pl as ti c d ef o rma-tio n4han4heo-thef 

porti on of th e tu bu la r asse mb l y . 



5S4^ — The m eth o d of cl aim 571, furthe r com pris i ng : 

positi on i ng another tubular assembl y w i thin th e pr ee xisting structur e in ov e r l ap p i ng 

rel ation to th e- tubu l a r-assembl y ; a nd 
F-adia4ly~expaMin 

pfee x i stin g s t r u cture; 

wherein, prior to t he^dia i-e-x-pan siofraBd-p jasti e-d efor ma t i o n of the tubular-assembly^-a 
predete rmin e d port io n of th e o tfref^ubular-asse m b ! y h as a lo wer yi e ld -po i nt th an 
anotfrer-portten-of t h e other tu b ula r assembly^ 



§82r. — Tben^wethed-of-olaf^^ 

pla-sti^atiy-defor-med-other port tef^of4he4ubulaf-assemb I y is equal to the i nside^ametef-o£4he 
radially expanded and plastically deforme d other port i on o f the oth e r tub ular assembly. 

— The meth od of claim 571, wh e rein th e pr e d e t e rmin e d portio n of th e tu bu l ar asse m bl y 
eempdses^fvend^ertioFh^ 

§84: — The-method o f cl a i m 5 71 , whe^fB4he^fedetem4r^-pertien o f the tu bula^assembly 
co m pri s es a p lura l ity of predetermined portions of the tubular assembly. 

— The-methed-of c l ai m 571, wh e re i n th e p redetermined p o rtio n o f t h e tubular a ssembly 
com pr ise s a~pturatity^s^ o f t h e tu buta-rassembiyr- 

— T-he-method o f c lai m 571 , w herei n th e o t her^-pertien-Q^the t ub ul ar ass embly-comprises 
an end po rt i o n o f th e4ubutarassembly. 
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587-, — The method of claim4^Vwhereif^ assemb l y com prises a 

pjufaltty-e^otfoer p o rti ons o f the tu b ular asse mbly. 

§&& — Then^etbed-ef-elaifi^^ tubular assembly comprises-a 
pl u r ality o f s p a ced apart o the r p o rtion s of the tutelar a s s em &tyr 

§89r — The me t h od of claim 571 , wh erein the tu bula r ass e m bl y co mp r ises a p l u r ality of ta bular 
members coupled to one-another by correspond ing tubuter co u pli n g s . 

590, — The-methed of cl a im 589T-wherefn-t-he4ubutar coupUn§s-een^se4t^ 

port io ns of th e tub ular ass e mbly ; a n d wh ere in th e t u bular m e mb ers c omprise the oth e r portion 

0^e4yteulef^ssemblyr 

§94. — The-method of claim 5 89 r-wherein one or more of the4ubulaf-Gou^ti-n§s-Ge m pr is e t h e 
pfedete rmine d p o rtions of the tubu lar assembtyr 

predeter mi ned-portions o f t h e tub u lar assembly- 
defines one or more openings. 

§94, — The-metho d o f cl a im 59 3 , w&erefR-one or mor e^Rbe-epeniRgs-GQ mp rise sloter 

§95, — The-methed of claim 5 9 3 r wherein4be^afHS€^ of th e 

tu bu lar as s e m b ly is-greate r than 1 . 

— The method of claim 571, w here i n the a n isotropy f or th e pr edetermined port i o n of the 
febu-Iafassembly^is-greateF-t-han-4^ 

§97, — The-methed of cl a i m 57 1 , w heffitrvthe^a+r^^ 
p Gffen-of4be4ubu I a r assembly is gr eat e r than 0.12. 

§9& — The-me t hod o f claim 571 , wherein-the a nisetropyTer the predetermined portio n of th e 
tyfe-fcriaf-assefRkly^^ n t f o r4he 
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5Q-9-. — T h e m e thod o f c laim 571 , w he r e in t h e pr e det e rm i ne d portion-af the tub u lar as se mb ly 
Gemprtse s a f i rs t s t eel^la^Gamprising: 0 . O^^Q^^A^^n^-QhQA-^ P, 0.6 02 % S , 0 .2 4 -% 
Si, 0, 01 % -G u, 0.01 % Ni, and 0.02 % Cr. 

§00, — The m e t h od o f claim 5 99 , w here in t he yield-p0fff^Qf4h^rede t er mined p orti on of the 

and wh e r e in t he y ield poi nt of th e p redet er m iaed-p ortion of the tubular assembly is at l ea st 
about 65.9-ksf-aft er th e ra cial e x p ami on-^n4-^tast-i c^def ormafenr 

664: — Tt^eH^Bethod-e^ 

t ubular ass emb^^afte^4he ra d i al expaf^ten-and-filastf^defefmation is ~at4east 

greater th a n t heyi el d point of the p rede t er m i n e d portion of th e tub ular as sembl y pr i or to the 

ra di al ex paastefi-a n d plas ti c d e format i on. 

602", — Th e method of claim 599 r-wberein the a nisotropy of the predeter min ed p o rti o n of th e 
tubular a s semb l y , p rior to the r a dial e x paaeioR- a nd pl a s t ic de f orma ti on, i s -aba ut 1 .48. 

603-: — The-method-Qf^ai-m 571 T ^erelR~the~pfedetefffl^^ o£4he4ubul ar a ss embly 

comprises a seGead-steel-aite y compr isi n g : 0.18 % C, 1.28 % M n, 0 .017 % -P 7 _q t QQ4J % S, 0.29 
% Si, 0. 01 % Cu, 0.01 y^ NV an d 0. 03 % Cr. 

604: — The m eth o d of cla im 6 0 3, w here in the yi e ld point o f th e p r e d e t e rmine d po rti o n of th e 

an d wh erei n th e yiel d-p oint of t he p r e d eter mined p or ti o n of th e4 u b u lar asse mbly is at l east 
a bout 74. 4 ksi after the radia l expansion and plastic deformation. 

6G-6-: — The metho d of cl ai m 603 , whe re in th e yie l d po i nt of th e p r e d etermined portion of the 
tu bul a r ass e mb l y after t he-fadialexpan sio n a nd plastic d e fo fmatierHs-aUeas t about 28 % 
§featef4fran4te^ of t h e predetermined po rti o n o£4he tubul a r assembl y p r i or to the 

fad4aj-e^pan^ian~and pl astic d ef o rmat ion 

606, — Tbe-metbod of claim 603, wherein the anisotropy of the predetefmieed-portion of the 
tubular a s sem^yT^-ier4e4he-radial-expafis^ n a n d plastie-defefmation, is abayt-4rQ4r 
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§G7~; — The m e th ed-ef-etai m 5 7 1, w here in the p r e d e te rmine d port iofi-e£4he tu bul ar as s embly 
comprises a third steel a llo y comprising: 0.0 8 % C, 0.82 % Mn, 0. 006 % P, 0.00 3 % S, 0.3 0 % 
S i, 0.16 % C u, 0 . 05 % Ni, and 0.05 % Cr. 

SOS, — The method of c l aim 607, wher e in the anisotro p y o f the prede t e rmined portion of the 
tu b ul ar ass embly, p ri o r t o th e radial expansio n a nd p l a st ic def o rmation, is about 1 . 9 2. 

§09, — Th e m etho d of claim 571 , wher ei n th e pre de t er min e d po r tion of th e tubu lar ass e mbly 
comp rise s a fou-rth-steel-aHo y co m p r isi n g: 0.02 % -C, 1.31 % -MfvQ .02 % P, 0.00 1 % S, 0 .4 5 % 
S i, 9 .1 %Ni, and 18.7 % Cr. 

640. — The-met h od of-ol aim 6 09 r~where i n t he ani sotr o py -of4he-pfedeteFmin ed p o rti on o f th e 
tub-ulaFassembl y , pr i or to the r ad ial expan s ion and~plastic deformation, i s a bout 1.34- 

§44, — The-method of claim-^^T^erein-theyield-point of the predetermined portion of t h e 
tu bula r as s e mbly is at most about 46.9 -ksH^o r to th e radia l exp a nsi o n a nd plas tic d e f o rmati on; 

a bo u t 6 5.9- ksi after the ra d ial e xpan s ion an d pla st ic-defo r m at i on . 

§42, — The-method-of claim 571, w he r ein4he yield point o f the predetermined pertion-of4he 
tubular assembly after the radial e x p a n sion and p l astic d e f ormation is at least about 4 0 % 
§featef4hafv4he--yfe<d--peint of the prede t ermffled-pertion o f the tub u l ar a s se mb l y -p rior to th e 
radial exp an s i o n and p lastic d ef o rmation . 

§43, — The m e tho d- of c l aim 571 , w h er e in the a nisotrop y of the pred e t e rmined portion of t he 
tubular as semb l y, prior to the radia l expa nsion an d plastic d e formation, is at l e a st abo ut 1. 48. 

§44 — T h e met ho d of claim 571 , wherein th e yield point of the predetermined portion of the 
fa-hula r as s e m b ly is at most a bo ut 5 7 . 8 k si-fihoFte-the r ad i a l-expa ns io n and p l as tic-defo r ma ti o n ; 
and^vherein the yield-pem4oUhe pred eter f^ed-pertief^^e4Bbula^^em bl^ is a-Meaet 
ab out 7 4 t 4 ks i aftef4he-radiaj-e xpansi o n and p l ast i c deformation 

§45, — The methed-of claim 571, wherein the-yietd-poift^ef4he-pfedetermined p ortion of the 
fahular-aesembly^tep^ is at least-abeb^-28-% 
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g~roa'tcr than4:ho yj-o*l€l p oi*n t of4be prodo-te r m-H^io-d port \ on of4h © tuby[af~aS'SOFTibly'''P fig 
radia l ex p an-s-ioff-aR d p l astic def o rmati o n . 



646, — Tke-metfrod-of^aift:^^ 

tu bular ass e mb ly, pri o r to th e radial expans ion a nd plasti c d e form at ion , is at lea st a bo ut 1 tQ4t 

64-7-. — The meth o d o f c laim 5 71 , wh e r e in t h e anis o t -ropy- of th e p redet e rmin ed por ti on o f th e 
tu b u la f-a^emblyT-pftef^o the r ad-ial-expansi o n-aftd-p testic d eformatio n , i s aUeast ab o ut 1 .92r 



64& — The~-met-hed--ef-elaiiT^^ 

tu b u l a r ass e mb l y , p r i or t o t he r a di al exp ansion and p lastic deformation, is at least about 1.3 4 . 



64-9-; — Th e m e thod of cla i m 571 , w he re i n t h e aniso tropy o HI^e^-pFedefeer mi n ed p o rtion of th e 
tub-u-lar-~assemb^ and p l ast i c d e fo rmation, range s f rom about 1.04 

te-ab out 1.9 £t 



6-20, — T h e m e t hod o f clai m 571 , wh erei n th e y ield p oint o f the pred e te FFRlned-^ofti on of the 

fi i Hi il. ^ r nQ^ p r nhlv / nrinr t o thp 

ksi4o-a-bou^6 1 .7 ksh 



^ettod-o£ote kri 571, w berein the e x pafi^aMhty-eoeffteiefrt-ef the predotefmlfte^ 
po rt ion o f th e tubular ass e mbly, prior to the radi a l exp a nsion and pl ast i c d e f o rm a t io n , i s greate r 



po rti o n o f t he tubul a r a s se mbly is g r ea t er than t h e ex pa n dabi l ity c oeffic i e nt of th e o th er p ortion 
of t h e tubutaf-as^emblyT 

623, — The-mothod o f claim 57 V^efefn-tt^e4ubutar assemfely-€Qmpf4ses-a^wetiboF€^€aein§T 
62-4, — fte-mothod-ofolafm^^^ co m p r ise s a pi peti-Rer 

62§, — Tben^etho<4-o^eia^ 



6-2-6, — Tbe-a^paratus-o^eteim 205 r j whefein the s I eeve-oompfise^ 
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a pl u ra l ity o f spa€e4^paf14u{wlaE-slee v e s coupled to and recei v i ng e nd portions of th e 
fifs^and-seco nd tubular men^er-Sr 



-The-appafatus of claim-626-r-where in th e first tubyjar-ffiember-GQm^ 
co nn e ction; w herein the seco nd tub ul a r m e mbe r comp r is es a s e co nd th r e a d ed conn e ction; 

o ne o f th e t ubula^steev es is po si t io n ed in opposi ng rela t i o n t o the first t hr ea d e d co n nec t io n ; and 

th-readed^G©n-Reet-ion-, 



— The appa r at us of cl a im 626, wher e in th e fi rst tu b u lar membe r comprises a first thr ea d e d 
G^nfie€-tiGR r -whefei^ 

wl^pein4he4ffst^^ th reade d c offfleetioRs-afe cou p l ed t o o n e a no th e r ; a n d-whef€Nfhat 

le as t one-of-the t u b u laf-slee v e s i s n ot po s itio n ed in oppo s ing retatiQR-t^t-he-f-ir-s^aRd-seGORd 
thfea4ed^oRRect ions. 



629, — Th e m ethod of claim 31 0 t further comprising^ 

thfeadabl y co up ling th e f i rs t an d seco n d tub u lar m e mb ers a t a f i r -sMocatioRi 

t h r e adably coupling t he f i r st a n d se c o n d tubu l a r m embers-na^a-seco nd l o c at ion spaced 

.unart fr nr n thp f i rQt . loc at ion* 

pro v iding a p l ura l i t y of sl eeves; a Rd 

m o unt i ng th e s l e ev es at spaced apart locations for o v e rlapping a nd c o u p l ing t h e f ir st an d 



o p posfng- relation to t he-fifst th r ead e d coupl ing ; a nd w hefe in at l e ast o n e o f t he tu bu lar sl e e v e s 
ls^es-itioRed4R^pposiBg^elation to t he-seooRd4hfeaded c o up l i n g-r 

— T-he-method-of^afm 629 T ^A/hefeiR^yea^^^ is not posi-tiened-m 

o pp o s i-R§-re)a^R4Q4he4fFS^ thread e d couplings . 

&32r. — The-appafat us of claim 2 0 5 , fa fthei^GOR^R&fRg4 

a4&readed~€ORRe£tio n for coup tiffg-^a-port-ioR-e f the fi rst-and sec o nd t ub ular members-; 

whefeiR-at4ea st a p ortfOR-o^-the4hfeaded connection is upsetr 
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firs t tubu l ar m e mb e r. 

634, — TrieHyfetriod-of-Glal m 310, fu rther comprising^ 

thfea4 a b ly co upl i ng th e first and s e con d tu bu l a r memb e rs; a nd 

upsetting the threaded-€ouplfR§r 

§3£, — Trie-appaf at u s of-elaim 205, wherein the f irs t tu b utei^TOmbef^uFther compris e s a n 

an nula r e x tensio n e xt e nd i n g there fr o m ; a n d w he rein the flange of th e sl ee v e defines an 
annular recess for re c e iving and m ati n g with th e annular e xtension of the first tubular 
mem b er. 

§3§, — Th e m e tho d o f -elal m 310, wh er e in t he first tubul a r m e mb erfartrier co mpris e s an an nular 
extension-exte n di n g t herefrom; a n d~wrie rein th e flang e o f the s l ee v e defines an annulaf 
feoess4opreGeK4n g and m at ing with the annu tar extension e£-trie first tub u l ar mem-bef-.- 

§37-; — T h e app a r atu s o f cl a i m 205, fu rthe r co mpris ing 

one-or mor e st ress co n centrators for c oncentrafing-st r e sses i n th e joint. 

comprises one-opmefe-extefnaH^o ov e s d efined4n-4he-first tubutaf-membefv 

— The~apparatus-as-defined in cla i m 637, w her ein one o p-mere o f the s t re ss c o neentoters 
com pr ises on e or m ore i nter nal g r ooves-defined i n the seco n d t ubul a r member 

64& — T h e ap p a ratus as d e fin ed i n cl a im 637, wh e r ei n on e o r m ore of t he s t ress con c e ntrators 
eomprises-ene-Qr-fflQfe-epenin§s~defined in the-st eev e. 

§44-; — The-appafafas-as-defined in cteim-637, wherein-ene or m o r e-of 4he-stfess-GQn centf ator-s 
co m p r i se s o ne or mo re ext ernal gr oo ves de f in e d i n th e fi r s t tubular m ember; a nd 
whefeln-ene-of-mefe o f the-stre s s coneentfatofs-eemprises-one^r mo re in t emal-gfooves 
del ined-l R-the-seeo n d tu b ular m e mb e r. 

§4^ — The appafat u s as defined in claim §37 r -whefein-ene or more of the stress eencentra te fs 
ecwprises^ne^f^mre-exter^ 
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►noerrtfatoi 




inrp nnpninnQ 

\\J I ~ ofj™t TTT ty o 



d-efiT^d-ffr-the-sleeyer 





co m prise s o n e o r m ore int e rna l gro o v e s d e f i n e d in t he seco n d t u bu la r m e m be r ; a &4 
d-e f i n ed in the sleeve 

644, — Trie appa f at us as defi n e d i n cl aim 6 3 7, w here in on e or more of the str e s s concentra to rs 

comprises one or^^OFe-e-x^ first tubular membef^whefeffi 

one-Qf-fflore of th e str e s s c o ncent ra tors co mpr i ses one or m o r e internal groov es d ef i n e d 
i n the seco n d tubul a r^embef^^d-whefein one or more of the stress con c entrato r s 
eo m prises-one or mo r e o pe nin g s d e fin e d in th e sleeve, 

645, — Tl^meth o d of cl aim 31 0 , fu r th e r com fiffSr-ngr 
concentrating stress e s with i n the joint. 

646, — The method as de f ined in cl ai m-64&^her-ein con centrating stre s ses wit4qin-4he-jOrn-t 

comp r is e s using th e first tubbfl^f-mem-ber to concen trat e s t re ss e s w i th i n th e ■ j omfer 



comprises using t he second tubu l ar memb er to concentrate stresses w ithin the joint. 

64&, — The me t ho d as def ined i n claim 645, whe re in co n ce nt ra tin g st re sses within th e j o i n t 
co m prises us i n g 4fre-stee v e- to --Ge th e jo i -nfe 

649, — 4&e4ri€4k€^ 

comprises usi ng t h e first 4ub^TaHTre m b e r and the second tubular mem b er to concen t rate 
stresses within th e joint. 

6§Q, — Tbe-fflethod as de f i n e d i rv^raim-^&rWhofeln c o n cerrtFatln^tfe s s es w ithin fee-joH^ 




M5, wh e r ei n conci 



m g stresse s w ithi n th o-joi-nt 



the-jOrfxtr 
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— The-metoe4-as-defif^d~^ 
comprises-usin^ 
within th e jo int 



&52r. — The m et h od as defin ed in cl a im 6 4 5, wh e re i n co n c e n t ratin g stress es wit hin th e jo i n t 

eemprises~4^in§4he fi r s t farter-mem a nd the sleeve-te 

c onc e nt ra t e st resse s w i th i n th e jo i nt. 



£§3, — The appar atus of claim 205, furth e r compris i ng: 

means for maintaining portions of the first and second tu b ular-member in ci r cumferential 
com p r es s ion fol l o w ing t h e ra d i a l e x pa nsi on a n d p las ti c de f amatio n of t h e f ir st 
and-seeend-tufeulaf-member&T 



654, — The-apparatus o f claim 205, fu~rther-eemftrtsfn§^ 

ffleaRs49f-eo ncentrating str e sses within th e m e chani ca l c o rr ection during th e r adial 
expansien-afid-fitasti^deformation of the first and second tubulaf-membeFSr 



— The app a ratus of claim 205, f urth e^oemprtsif^ 

me ans f o r ma i nta i nin g p o rt ion s o f t he-flrsiand-second tu bular memb e r in cir cu mf erential 

and second tub u la r member&^anrt 
means for concentrati n g s tress e s with i n the mech a nical conn ection du r ing the radia l 
expansion and pl astic d eformatio n of th e^H^t-anct-sec o nd tu b ul a r memb e rs. 

- m a i ntai ning p o rtions of t h e first and s e cond tu bu l a r m e m b er in circumf erential 

oorn press ion fotiewing^^adi^^ of th e firs t and 

second tubular mem b e r s . 



— The-metho d of cl ai m 31Q r f u fther co m p r i sin g: 

concen t ra t ing stresses w itt4n4he4omt^urtBg a radial-expansi o n a nd plast i c d e fa mation 
of the f i rst and s ec ond tub uiap-members. 



— The method of claim 310, fufthef-eomprisingf 
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se co n d tubula r m embeFS^and 

it ra ting str e ss e s within the joint dur i ng a radia l expan s ion an d p l astic d e forma ti on 

of the first a n d s e co n d tu bu l a r m e mb e rs . 650, Th^met hod of claim 1, 

wherem T wherein, if the carbon content of the prede term i n ed p ortio n o f th e 
tubular assembly member is less than or equal to 0.12 percent^and^Az-herein the 
carbon e quivalent value for the pr e d e termin e d porti on o f th e tubular ass e m b ly i s 
les s t h an 0.21 then the carbon equivalent value for the tubular member is 
less than 0.21 ; and wherein, if the carbon content of the tubular member is 
greater than 0,12 percent, then the carbon equivalent value for the tubular 
member is less than 0,36. 



&&Q-. — The-method o f cl a im 1 , w here i n the carbon c o nte nt o f th e pre4etermined-poFtie n of the 
tubutaf^-assembl y is gr ea ter than 0.12 pe r c e nt; a nd wher ei n th e c a r bon equ ival en t valu e fo r th e 
pfedetef-FfH-ned portion of the t u by la r-assemb ly-^i s l e ss th an 0.36 . 

664^ — An expandable tubu l a r m e mber, wh erei n th e c a rbon-co n tent o^-t-he-tubula f^mem b e r i s 
l e ss t han or eq ual t o 0.12 pe r cen t; and wher ei n th e c arb on-e^vateni^ tubula f 



— The tubular member of claim 661 , w herein the tubul ar m e mb e r compr ises a w ellbore 
eas i ng. 

663 ~ /\n expandable tubular member, v^beroin the ca r b o n co n te"n t of t h e t u b u I a r m o mbe p-fs 
g rea t er t h an 0.12 percent; an d w herein the carbon-equivale nt v alue for the tub ula r m e m b er i s 
tes s than -&3& 

664; — The tubular member o f cl ai m 6 63, w herei n th e tubular m e mber compris e s a w el l b ore 
ca sing. 

— Tb^a-ppa-ra t us o ^ eta-im 1 4 2, w befe i n t h e -ca rbon co nten- t of th e pFedeteroifved por ti o n of 
the4ubula r ass eFf^iy4s4e&s4ban-OF-eq-ual to 0.12 pereenti-aFid--wbeFe}FHtbe-eaFbQF^eq-bHvalenf 
value-fef4be-pFedeteFFFmed portion of the tubular assembly4s4e ss tha n 0 .21 . 
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the tu bula r a ss e m bl y is gr e at eFfchan 0.12 p e rc e nt; and whereirr-the-earbo-R-eq u i v a I e n t va lue-fer 
the-^fedetermined portio n of the tubular assembl y is less th a n 0.36. 

e§7-r18_, A method of selecting tubular members for radial expansion and plastic 
deformation, comprising: 

selecting a tubular member from a collection of tubular member; 

determining a carbon content of the selected tubular member; 

determining a carbon equivalent value for the selected tubular member; an4 

if the carbon content of the selected tubular member is less than or equal to 0.12 percent and 
the carbon equivalent value for the selected tubular member is less than 0.21 , then 
determining that the selected tubular member is suitable for radial expansion and plastic 
deformationT 

— A method of-seleofeg tubular m e m b e rs f or ra d i al exp an sion and plastic de form ation 
seteet ing a tu bular memb er from a col l eetien-o f tubula r m e mb er 

d e te r mining a carbo n c o ntent of the selected tub u lar membefrdeteffwni n g a carbon e qu i v alent 
value for t he-seteeted tubu l a r mem b er; and 

if the carbon content of the selected tubular member is greater than 0.12 percent and the 
carbon equivalent value for the selected tubular member is less than 0.36, then 
determining that the selected tubular member is suitable for radial expansion and plastic 
deformation. 

— ^he^appafato-s-G^elai-m 205, w herein the-carben c ontent o f th e p r e d e t e r mi n ed portion of 
th e apparatu s i s l ess than o r e qual to 0.12 p eree n t; and wh ere i n t h e carbo n equi v alent value for 
the-pfBdetem^ed-poftiGf^ef the afrftarafos-te4ess4ha n 0 .2 1-r 

§70, — ^e-appafatus o f claim 2 0 5, whereift4he-ea^ 
toe-apf>arat^^ 

]EH^etermified-pQr is less tharvOr36r 

674-: — The m e thod of claim 3 10 , wh erein~the-€afbon-Gentent of the p redetermined portion of the 
tubular assemfe]y-is4ess than or equal to 0.12 percen-t^ar^4-whefeifi4he carbon eq-uivatent value 
f or t he -ftfedetefi^ th a n 0.21 . 
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%72r. — Th e method of claim 3 4-Qr-wriefe in the~eaffe on c o nt e nt of t h e pr e d etermined-portion o f the 
t u b u lar assembly i s g rea ter than 0.12 percent; and whefein th e carbon equ iv ale nt va lue for th e 
pred e ter mi ned por t i on of th e tubular assemb l y i s le ss t ha n 0.3&r 

@?3t19. An expandable tubular member, comprising: 
a tubular body; 

wherein a yield point of an inner tubular portion of the tubular body is less than a yield 
point of an outer tubular portion of the tubular body. 

©74: — The expa nd a b l e tub ular m e mb e r of cla i m 673, w herein the yie ld point of th e inne r tubu l ar 
portion 9f 4l 3e 4yfeutef^ the tub u lar-bed^ 

&7§, — Th^expa-nda-bl^-tu-bular me m ber of claim 674 T ^A^r^n4he-yield-poi nt o f the i nn er t ubular 
p orti on of t he tubu l a iMaed^a-ries i n an line ar fa s hi on as a function of t he r adial pos iti o n wit hin 
the tubular-body^ 

676, — Th e expandab le tubular m e mber o f claim 67 4, wt^ein-irie-yio l d p oi nt o f th e inner tubulaf 
• p o r t io n of trie4u-bular bo dy varies i n an n on - l i n e ar fash-ion-a^a funct i o n o f the r ad ial p osition 

677, — T h e exp andabl e tub ular mem b e r of cl ai m 673, wh e r e in th e y ield point o f th e out er 
bedyr 

67& — T h e e x p a nd abl e tu b u lar m e mb e r of c l aim 677, wh e r e in th e y ie ld point of the outef 
tub-utat^p ort io n o f th e4ubutaf-bo4y-A /aries in an linear fa shion-as a f un c t i o n o f t h e ra dial-position 
within t he tubular body. 

67-9, — Th e e xpand able t ubu l a r me mb e r of c l a im 677, wh e r e in th e yi eld-po i n t o f th e oute r 
tubu4a^ortiof^Uhe4y^utar b o d y v aries in an non-linear4asriion as a f unction o f t h e-fadiai 
position-with i n the-tubular bo dy. 

6&0, — Trie e x p and able tu bula f-member of cl a i m 673, 
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fu n ction o f -tbe-ra dia l p os i t i o rvwithin- tt^ e tubu lar-bodyi-afid 
w h ere i n the y ie ld po i nt of th e out e r tu b u l ar p ortio n of the t u b u lar b o dy vanes as a 
fanotien of the4=a4iat-pesit}oR^^ 

§S4t — Th e e xpanda bl e tub ular member of claim 680, wherein the yield po i nt of the i nne r tubu la r 
p ort i on of t he tubular body v a r ies i n a linear fas hio n as a funct io n o f t he rad i al p o s i ti on within t he 
folwlaf^ point o f the-oyte^4uteute->^ertion of the4ybytef^Qdy-vaRes4n 

a li ne a r fashi o n a s a fun etio n of th e radial position within th e tubular body. 

— T h e expan dable tubu lar member of cl a im 680 , wh erei n t he y iel d point of the inner tubu l ar 
pertien~ef th e tubular body v arie s in a lin e ar fash i on as a funct io n of the radi a l p o sition w i thin th e 
tubular bo dyi^nd^efein4he-^l d point o f the-outeF-tobytef^o rt i on of the tubu tap-bed y vari e s i n 
aH^^of^mear^a&Won-as-a^ u nction o f the ra4ia4-position^ vit hi n the tubyiaf-bedyr 

— Tbe-expa nda ble tubular memb er o f claim 680, w^efein-the-yietd-point o f tbe4ftner4ybyiaf 
portion of the tub u lar bo d y v aries in-a-nen~lin ea r fash i o n a s a fa -no t ion o f the radial position 
Wf#nn4he4ybyiaf^dy; a nd w herein th e y ieid-poi nt of th e o ut e r t u bular po r tio n^£4be4ub4^ 
body^aries4n-~a4ine ar fas h ion a s a fun cti on of t t^en ^d ial p o s i tion withi n th e tu bular body . 

§84, — The-ex-pandable4ybular me m be r of claim-g^Qr^wherein theyield-pei nt of the4nnef4ybylar 
portion of the tubular body v aries in a non - l i n e ar fashi o n as a fun ction of th e radial po s ition 
wfthin4he4uteBlaf^ and w herein the yield-poi nt of t he-ou te r t u bu l a r p 9rtiGn-of4he4ybylar 
bedy^ahe s in a non - lin e ar fashi o n as a fun cti o n o f th e r a d ial positi o n w ithi n th e tubu l ar bo dyr 

— T h e e xpan d a b l e tu bular mem be r o f cl aim 680, wh e r ei n th e r ate o f ch an g e o f th eyield 
pai n t o f th e inne r tubular portion of th e tubular b ody is diff e rent than the rate of chang e of the 
yieid-po int of the outer tubular port i on of th e tub ul ar b o dy . 

— The e x p a ndabte t ubula r m e mb e^ef-eiaim 680 , w her e in the r ate-e£ehange of the y ield 
poin^of4he-inner4ubuia^porti on o^the-fabyte-Fbod y i s difleren-Uban th e r ate oToha n ge o f t he 
yieid^oin^^e^yter-fab^ylaf-po rti o n o f the4ybuia-f-bodyr 
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68*7"-: The method of claim I'^'-v^t^eTe fn— a yfeld pofFvt of h~h^ o F-t ub u I a' f po Ft i or ~of'~a i—toast - 3 

p or ti on o f t he tub ula^ass e mb ly i s l es s than a yiel d-point o^a n o ute r tu bu lar p oFtion of th e p ortion 
of-the tubu lo^assemblyr 

§8& — Th e m e thod of claim 687, wher ei n th e y ie l d point o f t he i n n e r tub u lap-porfe n o f the 
tytota^bod^vafies as a f u notioFH^tt^FadfaJ^es^ t h e t u kulaf-bedyT 

680, — The-FHethod-Q^ete-im 688, w herein the yi e ld p oint of the4Fffief4ufeulaf^ertien of t h e 
tu bu l a r bod y var i es in a n li n e a r f as h io n a s a f u n ctio n of th e rad i al positio n within th e t u butaf 

hnH\/ 

6-90-: — The--methed--ef^ 

tubula r body va ries in an no n -l inear fash io n a s a fu nc t ion of the ra d i al p o s i tion w ifeifHthe-tubular 
feedy- 

6 81 . T he-method-of-eta im 687, wher- ein4he-y ie] d point of t h e outef4ubuter-portion of the 
tukutef^dy^arie s as a functi on o f th e ra dial posit i on within the tub ^-laf-bodyr 

692, — Th e m eth od o f da im484^^ereifHthe y ie l d p o i n t o f t h e o ute r tub utef-port i o n of th e 

tnhnlar horlw x/^rip^ in a n linpnr fa inn fi inpfion of tho> pa rtial - nnQitinn within thA tnhnl^r 

xxx ty o 1 cn \zfXJxjy vuitcto i i r xa\ \ rn iuoi laot t c*o a n^rrt^vrt^'i r xj% crto I ctctiot pUOluvytl vvrtt rrrl u \X7 totjt^rCrr 

693, — The method of cla i-m 691 , w herein fee-yietd-pefRt of t he ou ter tu &uiar portion of the 
t-u-kuter bod y - v a ri es in -afH^m4frrear fash i o n as a fun ctio n o f the r adi al po & & on w it h i n th e tub ular 
body^ 

6-94: — T^e-metho d of cl a i m 687, w toem4he^eidi^r^ portion o f4he 

tubular body varie s as a fu n ct i on of th e radial position within the tubula r body; and wherein the 
yie^peiR^eWhe--Qu-teF^ 

6-95, — The-m ethod of clai RFV^^^here^ p o int o f t h e in ne r tubula ^oryoFf-of4he 

tafeM^a^^dy^varie-s-tf^a-feea r fash -ten a s a fun ction o f th e ra diaJ^^tfOFV^ithi^ 

fashioF : ^-as^fur*ette^^ 
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— Tbe-metho d o f c la i m 6 9 4, w here in t h e yi e ld poiR^o£-tbe4fme r tubular p o rtion of th e 
tuk ul a r b od y va fie s in a linear fashion as a f u n ct io n of th e radial posi tion within the tubular bo dyj- 
and w herein the yie ld p oin t of the o ut e r tubu l ar po rtion of th e tubular body v aries in a no n - l i nea r 
fas hio n as a f u ncti on of the radial -p osition within th e tu bula r bo d y. 

6-9-7, — T h e m et h o d o f cl aim 6 94 , w he r e i n t he yi el d p €Hf^e£4ke i nne r tubu lar portion of th e 
tubu l ar body v afiee4n-a-non"li n eaf4asWo n as a f uro ton of th e-r a dial position-withi n th e tubular 
bo d y; and wh e r e in th e yi eld point o f th e outer tubu l ar portion o f t h e tubu la r body v a ri e s in a 
linear f a sh i o n as a fun ctio n o f t he radi a l p o^sftiofM^itl4n4he-t ubula r body, 

69& — The-melked--Qf---e^ 

tub ul ar bo d y var i e s in a no n - li nea r f a sh iofhas^ un ct ion -o^4heHP ad i a l po s i t i on within the tubular 
&edy^afid--wherein t he-yield-poif^o f the ou t er tubufai^p o rtion of the tubu l ar bedy-varies4 n a n on- 
l i near fashi o n as a functi o n o f the ra dia l posife fwithin t h e tu b u l a r b od y . 

§99, — Tfoe-me-thod o f claim 69 4, wh e r e in th e rat e of change of the y ie l d p o int of t he inn er 

oute r tub ute^port io n o £ 4he4ubular bod y . 

70ft — The-metha d o f c I alfTh&94 r -whef eln-4he-pat e of cha n-ge of "the y lo Id point of the inner 
t ubula r p o rtion of th e tu bula r b ody is different than the rate of chan g e of the yiel d po in t o f the 
ou ter tubu tef-porti on of the tu butef-bedyr 

704, — Tbe-appafaius-af-alaif^^ i n a y ield-paint o f a n inn eFtufeuiar-portion of at-teas^a 

port i on of the tubular asse m b ly is le s s th a n a yi el d p oi nt o f a n ou te r tubular porti o n o f th e portion 
oUt^tubutaf-a^semblyr 

702, — The-apparatus of clai m 70 1, w hetem-ft^^ 

tofajlar b o d y v aries~as~a fun c tio n o f the ra d i a l position w i th i n th e tubu -laf-bodyr 

— The apparat us-a^-clalf n 702, w hafei n the-yie ld p o int o f th e i nner tubula f-portian o f t h e 
tubu l ar b od y vafies4f^R4inea^-fasl : Ho n as a faieti afrof4Ei^^ tub ular 
bodyr 
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tu b u l ar b ody vari e s i n an n on-lineaf4ashten as a funct i on of the ra di al posi^on-wiM n th e t ubulaf 
body. 

70& — Th e apparatus of claim 7 01 , w h erein the yield point of the o y- ter tubu l a r portio n of th e 
tab-bri ar body varies as a fu n cti o n of t freH = a€liaH3Q6^ body . 

70& — The a p p afatu-s-ef— claim 705, wherein the y4eld-peff4~o14-he o ut er tubula r p ortion-0ptte 
t u bula r b o d y var i es i n a n l ine a r fas h ion a s a function of th e rad i a l p osition w i thin the tubula r 
feedyr 

7-0-7; — The-appar-at-u-s^>f-dai m-705-whe re i n the -yietel-poifvt^^ p o rt io n of4he 

t ubula r b o dy var ies i n a n n Gn-feeaf-feshion-a &-a-f u notion of the r a d i a l po sition w itbi^be4ubulaf 
feodyr 

— The ap p ar atus of c l atm- 701, w hefefR4he-yield-p0int-&f the innep4uhfcfla^effen-QTt-he 
tub ula r b o d y var ies a s a function of th e r a dia H^s&om/w^ tubular bod y ; and whefein-t-he 

p os i ti o n w ithin t h e t u b u l a r b ody . 

7QQ-. — The a p p af atus of claim 708, w hefei-r^fee-yieid-^eint o f the^nne^tobulaf-pQrtiof^Qf4he 
tubular body vari es in a l i n ear fashion as a function of th e radial posit i on w ith in the tubular body; 
aftd-wher e i n th e~yietd-^eifrt-Q : f4he-8u t er tub u l ar p orti o n of the-tutotapbody v afies in shtimaf 
fas hio n as a functio n o f t h e ra dia l po si ti on with i n the tubular b od y . 



tubular b od y v afies-i^a^mea^asl^Hen as aT unction -eTthe-radial pos i tion w rfeiR4he4ubutef-bQdy^ 
a nd w herei n the yi el d poi nt o f t he outer tubular po rt i on of the t u bu l a r body varies in a n on - lin e a r 
fashion as a func t ion oT theHFad^Hs^ 



744, — The-a^fatus^T^taif^^ 

tukuJaf^ dy - v aftes4R as a function of the r ad i al p ositiofHwi t h in t he tubular 

b€MBlY^Rd^^ o ut e r tu butaf-poft-iefr0f4ha4ubu[af-body varies in a 

lineaj4ash4Qi^ position w ithin the tubuiaf-bodyr 
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742r. — Tfre-appafafas of claiffl^TQ^w^erein the y i eld^GiB^^^e4mer-4y-bute r p o rt ion-of4be 
t u bul a r body vari e s in -a-neFHtiff ear fa sh ion as- a fun c t i o n o f th e rad i a l pos i fe f^withifH^ 
teed y ; a nd wh erei n th e y i eld p oi nt of the out e r tubular portion of th e tubular body vari e s i n a no n 
linear fas h io n as a function of -tfre radial pos&otvwith^ bod y . 

74-3, — The a pparatus of c lafff^TO^rWl^erein the rate of ch ang e o f t h e y i eld point of t he i nn e r 
tu b u l ar p orti on of th e t ub uteH^body- is d i ff efe n t tha n t h e rate o f c han ge o f t he y iel d p o in ^ef4he 
o u ter t ubula^ p o rti o n of tbe4ukulaf-bedY7 

744 — Th e apparatus of c l aim 708, wh e r ein t h e rate of chan ge of the y ie ld po i nt of the inner 
t u b ula r p ort i on o f t h e tub ^tef-bed y is diff eren t th a n the r at e of ch an ge o f t he yi e ld p oin t of th e 
©utef4ubuJaf-port^ 

-745, — Theffleiho d of claim 1 , w herein pri o r to the ra dial^xpansiofhand-p jast i c d e f ormation, a t 
ieast-a-portiofi-of-the tubular a ssembl y co mpr ises a m i cr o stru c ture c o mprisi ng a hard-phase 
structure and a soft phase-stpuetwer 

74€h — T h e method o f cl a i m 715, w herein prio r to t h e radial e-x-pansion^and p l asti c d e form ation 
aMe as t a porti on of th e tubul ar ass e mbly compris e s a microst r u ctu r e com prisi n g a tr a nsitiona l 

747: — The m ethod of cl a im 715, w h erein th e hard phase structur e comprises martensite. 

T4& — The metho d of cl ai m 715, w he r e in t h e so ft phas e structure compris e s ferrit e . 

74ft — The meth o d o f cl aim 715 , wher ein the t ransitional phase struc t ure co m pri s e s retain ed 



720^ — The method of c laim 715, wherein th e hard phase structur e comprises mart e nsite; 
wher e in th e so ft p h a s e structu re c om pfises^emtef^d^^ ph ase-stfuoture 
c o mp r is es-retained-austentiter 

724, — The-method of cl aim 715, w hefeiR4he^eftio^ assem bly co m prisin g-^ 

mtefostfucture comprising a hard phase structure and a sofr-phase stfueture-eempris es, by 
w e igh t pe rc e ntag e, ab ou t 0.1 % C, about 1.2% Mn, and about 0,3% Si. 
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-722. — Tfoe-appar atus of claim 1 42r-wherein a t le ast a portion of t he4Bfa^laf-assei^^ 
eompftees-aHWGPoe tructure comp ri sing a hard phas e structur e and a sof t phas e struct ure. 

72-3-: — T he ap pa r atus of cla im 722, wh e rein pri op- t o the rad i al exp a nsi o n a n d plastic 
deformation, at least a portion o f t h e tubute-Fassemfe-l y co m prises a m iGr-ostr-uct-uf e-eempr4-sin§^a 
transitional-phase structur e . 

724, — T he app ar atus of cla im 722, wh erein the h ard phas e s tr -u ctu re c o m p ris e s m artensite. 

72§, — The-apparatus of cl aim 722, w herein the soft phase structur e c o mp r is e s fe rrit e. 

?2& — The~appaf atus of cla i m 722 , wkefe in th e tr a nsitio n a l ptose-st ru c tur e c omp ftees-retaineci 
austentite,- 

727, — The apparatus of claim 722, whereifi-t-he^har-d^phase struc ture co mprises martensitei 
wha^Ff#^e^ofrphase-structure compri-se-s-fef r4te ; an d w herein the transiti o n a l pha s e stru ctoe 
com p rises r et a ined a ust e nt i t er 

mteFosta i cture eempptefng a hard phase structure af*4-a-^f^phase~s t ruc ture compFisesr-tey 
w eig ht per centag e , abou t 0.1 % C, abou t 1.2% Mn, and about 0.3% Si. 

729-r20. A method of manufacturing an expandable tubular member, comprising: 
providing a tubular member; 
heat treating the tubular member; and 
quenching the tubular member; 

wherein following the quenching, the tubular member comprises a microstructure 
comprising a hard phase structure and a soft phase structure. 

73ft — Tfte^ethed-o^elai^ 

pefeefrtage , 0.065% C, 1 .44%44fh-Q^1 % P, 0. 002% ^-Ot24 % S i, 0 .01% Cu, 0.0 1%-N- i , 0. 0 2% 
Cr, 0.05% A^044UVI o , 0.01 % N b, and 0. 0 4%-Ti 
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734-. — Tbe^mtbed-e^ 

percent a ge^ 8 % C, 1.2 8 %-MM).017% P, &Q 04% S, 0.29 %- S i, 0. 01% C u, 0.0 1 % -NvQ^% 
Cr, 0,0 ^ / cA^Q^4^ Mo, 0.03°/^ Nb, and 0.01 % T4 

732, — The me thod of claim 729, wh e r ei n th e pr o vided tubul a r member compfise s, by w e ight 
percentage 0.08 % ^&82 % M n, 0.0Q8#rlVQ^e3%~Sr^^ 

C r, 0. 0 3 % V, 0.03 % M o, 0.0 1 % ~MM*n d 0.01 % H 

733, — The me t hod of cla im 72 9 , wher ein the pr ovid e d tubul ar me m ber c ompr i s es a 
ffl i crostruc t ure compri s ing o n e or more of the follow i ng: martens i te, pea rli t e, v an adium carbide, 
fti^k el ca rb id e , or tit an i u m carbide. 

7-34: — Th e meth od o f clai m 72 9rW&efetff^ tu b u l a r me mber c o mp rise s a 

ffflcr ost r u ctufe-cempflsmg-Q^ e or more of t h e fo l lo wi n g : pe a rli t e OF-peaftfte-striatfOfk 

73§, — The method of claim 72 9 , where! n-t-h e- pr o vided-4Bbu-taFmem b e r c o mp r is es a 

m ar te n site, v a n adiu m cafbideH^tekel c arb i d e, o r titan i um c a r b ide. 

t u bular member for ab out 1 0 minutes a t 790 °C. 

7-37, — The-fflet-hod-of-etafm 72 9 , w h e rei n the qu e nching compri ses qu e nchin g the he at t r e ated 
tubular m emb e r i n wat e r 

733, — The me t ho d of claim 729, wher e i n fol l o wing the qu e nch i ng, the tubular member 
comprises a microstfUGt-yre comp rising on e or mor e of the follo w tog^fem^gfain pearlite, or 

739, — The-mefeed o f cl ai m 72 9 , w hereiFHfelte^ t u b ul ar m ember 

comp r is e s a microstructur e compri&ing-^fi^Gf^ofe^^e-feHowing : fe rrit e , m arte nsit e , or 

740-r- — T he me thod of claim 729, where i n f ol low in g th e qu e nch i ng, the tub u lar member 
comprises a microstructur e comprising on e or more of the following: bainite, pearlit e , or ferrite, 
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744, — Th e m et ho d of cl a im 729, w here i n follo w in g th e q ^eftohmgh the tubular me m ber 

vft rrp 



742, — Tbe^efeed^elai m 72 9 , w ^efem-fotio w i n g th e quenching, the tubular member 
co m p rises a yie l d str e ngth o f a bou t 8 2 ksi an d a4ensile s t r ength o^ a bout 130 ksi. 

743-: — The m e th od o f cl a i m 7 2 9 , wh e re i n following the quenching, th e tubu l ar m e mber 
eem^rtees~a~^eld-stfe^ 

744, — T-fre-meth0d-0f-Gteim J 72©^ 

positi oning t he que neb ed tubu la^fflembeMA / ith i n a-pfeexte t ing stru ctur e; an d 
radia%-expaft4if*^^ defo rmin g the tubul a r m ember wit hin the pree x is ti ng 

stweturer 

74§, — T h e app a r atu s of c l aim 142, w be rein at least a portion of-t-he4ubula^a&sembty 
co mpris e s a-m icrostructure c ompri s ing a h ard p h a s e s tr uc t ure and a so ft pbase s t ructure^ 

7 zt fi Xhp an n a rati iQ of dpi m TAR w hprAi n fhp D Artinn of fhp* tuhi ila r Q ccpmhlw mm nri QPQ o x / 

TnJT I i Ivi- \~\ \J VJ Ctl ulUO Ul Old 11 I I t T KJ ^ Wit i iTl LI \\lt yJ Utttv/tl CI tTTvT IUUU iu1 CrOtj™ I rrfcX ry Ot/iii yj \ fO™0 j tZ/ y 

w&i§t#^epeon ta go , 0 vQ§5 % C, ^44% Mn, 0.01% P, 0.002% S rQr24%-Si, 0. 01% Cu , 0 .01% Ni, 
0.02% Cr, 0.0 5 % V, 0.01% M o, 0.01% Nb, and 0.01 %Ti. 

747-. — T h e a pp ar atus o f claim 745, w herein t h e po rtio n of th e t ubu l a r a s se mbly co mpris e s, by 
weig ht p er c enta g e , 0.1 8% C, 1.28% -M n, 0.017% P, 0.004 % -Sr&3Q % Si, 0.01 % Cu, 0 .01 % Ni, 
0 . 03% C r , 0. 0 4 % V, 0.0 1% M o, 0.03 % N b, a nd 0.01 % Ti . 

748. The apparatus of claim 7 4 5, wh e r ein the po rtio n of the tubul a r a ssemb l y comprises, by 
w o ight percentage, 0.08% C, 0.82% Mn, 0.006% P, 0.003% S, 0.30% Si, 0 . 06% C u, 0.0 5 % N i , 
0.05% Cr, 0.03% V, 0.03% Mo, 0.01 % -N b, and 0.01 % T4v 

74Q-. — The ap pafa tus of claim 745, where itt-tbe-po rtion of-tfre tubular assembly comprises a 

mterestfU€tofe^mpf4sffl§^^ 

ni ckel ca r bide, or ti tanium carb id e. 
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?§& — Tbe^pparafes-e^elaim-^ 

m^fo-^mG^e^Qm^^m^-QB^Gf^mQfe of th e-felte wing : p ea rlite o r p e a rife-stFiafeFb 

micro st ruc tur e c o mprising on e or more of the fo tio wing: gr a in p e arlit e, wi d m ansta tt e n 
mafteft&fer-vafra^ 

752-, — The appa ratus of claim 745, wh er ei n t h e portion of th e tubular ass e mbly comprises a 
microstructure comprising on e or more of the fo l lo wing: f e rrit e, grain p ea rlite, or m a rtensit e . 

753, — Th e a pp ar a tus of-elaim 745, w h er e in t h e p o rtion of t h e tubul ar a ss e mb ly c o mp r ises a 
mior-G-st-ru€-tw 

754, — Tbe-a^paf at us of-elaim 745, w toeln4he p o rtion of tke4ufe-ula^assembly compris e s a 
m i cr o struct ufe-Qompfi sin g one o r m o r e of t he-fefew in g: ba inite, pear l i t e , orf e rrit er 

7§5k — Th e a pp arat us of claim-74§7^ere i n th e port i on of th e tu bul ar as se mbly co mp fieee-a 

7%%-. — Tbe-apparatu-s o f claim 745, wherei n th e port i o n-ef-t h e tubutaf-assemM y compr i s es-a 
y ie l d streRgth-ef- a bou t 8^ksf-afid-a4ensile-stre ngth of ab o ut 1 3 0 k s i . 

757-; — The ap p aratus of clai m 745, w hefeln4he-poftte n of th e4ufe-ular asse mb l y comprises a 
y i e ld str e ng th of ab out 60 ksi and a tens i l e s tre ngt h of about 97 k s i . 

7§§r21, A system for radially expanding and plastically deforming a tubular member, 
comprising: 

an expansion device positioned in the tubular member; and 

wherein the coefficient of friction between the expansion device and the tubular member 
during radial expansion and plastic deformation is less than 0.08. 

75ft — T h e sys tem of c l a i m 7 5 8, wh e r em the coefficient of fRotien4s i n th e rang e of .02 to -O^OI^ 

?§9, — The system of clai m 7 5 8 , a 4dltoBat]y-Geff^pi^fffg4 
k^r^afvt^etwe^ 
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764^ — The^system of c la im-T^Or-wherein the I ukrtea-nt-eom p r i ses-oH-basedr 
762-: — Tke-system-of-dai^^ 

7§& — Th€Ks ys t em o ^^ifrfT^Qr^hefe^ H2 o il 

764, — The-systero-G^elaim^ 
?§& — Tke-system-^^ 

7§& — The s yst em of claim 7 60T-whefefR-the l u brisafrt-Gom pris e s H 5 oil. 
767, — The s ystem o f c la tfR--?§Q- r w h e re i n t h e l u b r i cant comp rises H 6 o i l 
7§& — The-sy&ten^Ma^ 

76ft — The s y s t e m o f clai m 7 60^-whefei n t h e lubr i cant com p rise s grea s er 

774-; — Th e system o f c l aim 760, wh erein the lubricant comprises drilling mud. 

772. — T h e s yst e m of claim 760, wh e r e in the l u b r ican t c omprises dr ill i ffi^m^ 

77^ — T h e s ystem o f cl ai m 760, whe re in t h e l ubrican t c o mp r is es-dfii lin g mu d a n d so lid 
luteftea^ter 

774, — The-s-ystem-Q^-Glaim 760, whefeln-the-faferican t compfises-§fease-Gombimd-w4-t-l^-a--sol-i4 
lubricafrtr 

775, — T he syst e m of c la im 76Qr-wherei- n the l ubricant com p rises at l e ast 1 0% -Grap-hiter 

776, — The system-of-elaim 760TW&efem4h& lubricant comprises at leas^Wo-Melybdenum 
©isulf&er 
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777 — The syste m of cla im-7§ 8 , a dd i ti onall y comprising^ 
a co atin g on the expansion d e v ic e . 

77& — The system-of-elaim 777, where in the co at i n g c ompr is e s Phyg e n fi l m . 

779, — Th e s ystem of c la im 75 8, add itio n al ly compr i s e 
a coating on the tu b ular member. 

78& — The-system-of-olai m 779 T ^^effiifhfee-G9atifig-cQmpfise s PT FE. 

7§4^ — Th e s yst e m of claim 779, wh e r e in th e coating comprises PTFE bas e d. 

782, — The sy-stem-Gf-staim-TT-QT-w-he re i n the coat ing compris es-gr-ap hi te ba s ed. 

T&3, — The system of clai m 758, w herein the-ex^ansion device comprises &C&8-fflatefialr 

784, — The system-o^clai m 7 58, whe r e in the-e x p a nsion d ev ice compri s es D C 2 m at e ri al . 



— The syst e m of claim 758, w herein the expansion de v ice comprises DCS material. 
7&7 — Th e sy s t e m of c la im 758, w herein the e x p an sion d evi ce co m p r ise s DC 7 m at e ri al. 
788--: — The system of cl aim 75 8 , w h er e in the expan s i o n d e v i c e com pris es M 2-material, 
7S9, — The s y ste m of claim 7 58, w herein the expansi o n devic e c o m prises C PM IV M ma t eri a l 
790, — T^system-e^Glai- m 75 8 , whe re i n t he expansi o n d e v i c e c ompr ise s 10V mat erial, 
794, — The-sy st e m o f c l alm-T^-AA^^^^ d e vice co m p ris es 3 V m aterial, 

792, — Th e system-e-f-elalm 758, wherein the expansio n device comprises an REM finish. 
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'hprpin tl 




794, — The s yst e m o f c l aim 758, wherein the e xpa n sion devic e comprises a relative ly s m o oth 
su rf ac e -p e^gtoessr 

79& — The-system of clai m 7 58 , whemfff4h€^expaBsiofHdevtee h as a-fela-tivety-&moQt^-&UFf-aee 
roughn ess and includ e s r e la tiveiyeven ly s p a ee o il poc k e ts . 

79€h — Th e system of claim 7 58, w herein the expansion device has a- smooth surfac e 
feug-hness in the~raage-of-QrQ2 to 0.1 micrometers 

7-97-: — The sy st e m of claim 758, wh e r e in lubricant is inj e ct e d through a t le as t a portion o f t h e 
e x p ansion d evic e b e tw een4he-fate u l a r m e mb ep-a& d th e e xpan sion-deviser 

7-98, — The syeteffHO^etai-m 758, w he r e in lu br ic a nt is inj e ct ed-tbro ugh at te ast a p o rti o n of the 
e x p a nsion d e vice between4he-tobulap-membe^and the expansion device wbea-a 
pfedeter min e d p res sur e i s m e t. 

799, — The-syste m of claim 758, wh e r ei n lubr ica n t is4njeet ed t hr o ugh a t lea s t t w o pertiene-ef 



at l e ast o n e c ir c u m fe re n tial groove h a ving a first ed g e a n d a sec o nd e dge h avin g wit h a 
sliding an gle on th e oute r su rf a c e o f the tap e red portion f l u i dic l y c o u p led to t he 
internal flo w passage for r ece iving lub ri cant dur i ng r ad i a l expansion and-plastic 
d e f o rm a ti on of the t ubu l ar m e mber; 

wherein4he sli d i n g ang le is less th a n of-equ a l to 3 0 deg r ee s . 

§04^ — The system of cla i m 758T~wbere in th e e xpansion device-comprises-; 
a4apered-perii€H^wit^ 

intemal-ftew-paesage in the tapered p ortion; aad 




n. t h p ft iHt il a r rn i 

n trio tt^tc/tnxxt rrr 




pfessyfe&r 
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at le ast o ne circu mferential gffieve4^ffi§-a4ifs^e€t§e^B d a seco nd e dg e ha ving wit h a 

inter na l f low p assage for receivin g lubricant during radial expansion an d plastic 
d e form a tion of the tubular memb e r; 
wh er e i n th e s lid i ng an g l e is le ss 4hafHQf-e^u a l to 10 d egreesr 



T h e syst e m o-^elaim 758, add i tional l y c omp r is ing 

nin e compon ents selected fro m th e group consistin g of: 

a-ba s e oil; metal deaetivatefHanttexidants; s u-if ufked-f^atora t-eils ; p ho sph a te 

e ster; phospho r i c ac id ; vi s cosity modif ier; p our -poin^depress a nt; 

defoa m er; and-car-boxy-HG-aGid-soafis. 



803, — Thensysfem-o f c l a i m 758, wherein t h e-expa-nsien device-comprise s : 

a-tapered-port bn having a4apered faceted polygonal outer ex p a nsion s ur faeer 



804. — T h e syst e m o f claim 7 5 8 r wherei n th e tu b u l a r m e mber h as a n on^ni-form-^lUhic-kne^ 
a4apef e d p o rti o n havin g a tape red f acete d pol y gon a l out er-e xpansi o n surfac e. 



805, — Tbe-systefn-Qf-e^m-75 8 , w herein-lubriea nt is stored in a r e s &p/oi i^with-el ec4redes4hat 
ar e electrically co up l ed a cap acitor in t he expansion d e vic e a n d i s in j e cted through at l e ast a 
p o r t i on o£4he~expa-nsio n dev i ce b e tw ee n t h e4ufeulaFfflembe^afid the expansion d e v ice w hen 
th e c apa ci t ors di s ch arges . 



808, — Th e s yste m of cl aim 7 5 8 , where in th e tubul ar m e mbe r compri ses a w etfeo r e casing. 
807, — Th e s y s t e m of cl aim 75 8 , w herein the t u bula r m e mb e r co mp r ises a pip e line. 



808, — Th e syste m o f claim 7 5 8 r A/#^ein4he tu b u t a r me mb er com prise s a s tructur a l sup po rt . 



80ft — The-~syste m of c laim 758, w he r e in the-expans4en devic e comp ri s e s an expansion c one. 



840722, A method of radially expanding and plastically deforming a tubular member, 
comprising: 
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positioning an expansion device having a first tapered end and a second end at least 

partially within the tubular member; 
displacing the expansion device relative to the tubular member to radially expand and 

plastically deform the tubular member; and 
wherein the coefficient of friction between the expansion device and the tubular member 

during radial expansion and plastic deformation is less than 0.08. 

844-: — The m etho d of claim 810, w hefeff^the^Qefffeie^t-of^riete n is i n th e ra n ge of .02 to 0.05, 

842, — The-methed o f cl aim 810, additionall y comprising^ 

inj ect in g l ub r i ca nt b e tw een the tubular mem b er and the expansion device. 

843, — The-methed-o^clai- m 812, w h e rein the lubr teaf^omprises o i l based 
§44= — The-metho d of c l aim 812, w he r e in the l ubr i c a nt c omprises H1 oil. 
8-1-&; — Th e m e th o d of cla i m 8 12 , wh erei n th a-l u bricant compri ses H2 o ^ 
84& — T h e m eth od of cl a im 812, wh erein th e4ubrisa fit c om p rises H 3 oUr 
847^ — T h e m e t ho d of claim 812, w herein the lubric ant com pri s es H4 oik 




820, — The-metriod-of-Gtaifn 812, whereff^t^^bri^n^ornprises H7 ei-k- 
834, — Thenqftethod-of^^ lubricant eemprises-gfease-r 

822, — The^etl^d-of-claifR 812, wheFeffi4he-l-ubri€a n t com p ris es-water-teased, 
838, — The-method-ef-Blai^ 

824, — The me tho d o f cl a im 812, wherein the lubr ic ant c ompris e s drilling mud, 
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32§, — The-ffietMod-o^st aim 812, wh e r e in th e lubri ca nt comprises drilli n g mud a nd s olid 
l ub ricants. 

326, — The me th od o f cl a im 812, w he r ei n 4he4uMGaf^€0ff^ s es g r e as e combine d with a solid 
lutefieafrtr 

827, — The-method of cla im- 812, w he r ein the lu bri can t i n ciud-es at least IW^Gr-apN-t-e, 

§28, — TMe-met-hod-of-Glai m 812, w twaffi-fee^^fefieant includes- at least 10%4Aotyb4efmn 
Bis ulfide. 

82ft — The-method of claim 8 1 0, additionally com p rising 
m e mb efr 

830, — Tfrentte t ho d - of -slai^^ t he co ating compris es- Ph y g e n film . 

§34, — Th e meth o d o f claim 810, ad dit i on a ll y c o mp rising 

annlvi nn p p natinn nn thp tnhnl^ r mpmhpr n rior to no^itinninn thp fivn^DQinn Hpv/ipp 



332-, — TbeHro t h o d of clai m 8 3 1, wherein t h e c o ating^mprises-PT^Er 

833, — The-mefeo€[-Qf^^ PTFE basest 

334, — Tfte-^mthed-e^te^ 

835, — TfreH^ethed-e^airfv34ft r ^ 

336, — The-mefee d of claim 810, w towHtfre^ DC2 material 

837, — T-he-method-Qf-eteim^1--Q T ^ device comprises DC3 m at erial 

833, — Ti^rr^ed^elaim^l-^^ 
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— The-method of c laim 810, w herein the-expa-n-s i on de viee composes DC7 material 

840, — The metho d of claim 810, wher ei n th e e xpansion de v i c e co m pri s es M 2 ma ter ial. 

§44, — The meth od of c l aim 810, wher e in the e xpansion device comprises CPM M4 material. 

S4Z — The-method-o f c l ai m 810, wfoereifhtbe e x pansioff-4evfee-eemp r ises 10 V ma terial 

843, — The method of claim 810, wl^efei^4^e^expaRsioR-devf€e comprises 3V m at e rial 

844: — The meth od of cla i m 810, wher e in th e e xpansion devic e has an REM fin i sh. 

84& — The-methed^^ t h e e x p ans ioFhdevi c e ha s a-pfeeesse d fini sh . 

84& — The-method of clai m 810 , wherein the e xp a n S4Qfv~de¥iGe4ia 
feygh-Res-Sr 

847, — Th e m eth od-excla i m 810, w he r e in the e x p ansio n d e vi ce h as-^a-relative ly smo o th surf a c e 
fey§^ess-afid-4nGlu d e s r elatively e v enl y s paee-oil-pocketer 

848, — The m e thod of clai m 810, w herein the expansion device h as a smooth surface 
mughness in t he-ra-ftge-Qf- 0 .02 to 0.1 micrometers 

Injec ti ng lubr ic ant th r ou gh at l e ast a po rtion of th e e x pan sio n de vi ce b e tween th e4ukulaf 
member-aft44he-e-xpaf^ion-dev-i€er 

8S-& — The me th od of claim 810, additionally comprising: 

if^eefe§4ubrfe ant through at l east a p ort ioFhe f th e e x paBsi€H^4evtee-bet w ee n t he-tute-ular 
fflember^d4he-e>^afis i o n de v ice w hen-^fedetefmiRed-pfesswe is met . 

— The-meth od of cla i m 810, additi onally comprising 

in|eetiB§-l-ubfieaR-t4hrough at least-twe portions of the expansief^deviee-feetweef^e 
tubular member and th e e xpansion device at two differ e nt pressur e s. 
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^d-o^Qla im 81 0 , w be 
a4ap ered p ortion^/vith an o^te^surface; 
i nt ern a l flo w p as sa ge in the tap ered p ortion; and 

a-Ueast-ofie cir c umf e r e nt i al gfoove-hawi g a fi rst e dg e a nd a second e d g e h avin g wit h a 
sMft§-aflgte-sn the Q oteF-swfa€e-ef4h^^ co u -pted t o the 

iBt-emal-flow^assage fo r re c e i vin g l ubr i c a nt dur i ng r a d i al exp a nsi o n and -ptasfe 
defefmation of the4Bte-utajH^em^fj 

wherein the sliding ang l e i s l ess than of-e q ual to 30 degr ee s. 



853, — Th e m ethed-ef cla im 8 1 0, wh e r e in t h e e x pan si on de vic e, compris e s: 
a tapered portiefi w ith an oute r surface; 
interna-l-flow-passage in th e4ape red p o rt io n ; and 

at-ieast-one circu m fere nt ial^reo v e ha v ing a first edge and a-se c o n d ed-ge h aving w ifra 
sMn§~ angle on the out e r surf ace of t h e ta pe red po ftlon-fl^-fd- icly c oup le d to t h e 
internal-flew passage f o r r e c ei v i ng l ubr ica nt duri ng r adial-expansion and p l astte 
d e f o rmati efh0Hhe4 u b u lar m ember 

\A/hprpin thp cJiHinn ^nnl<^ iQ Iqcq thon r\r qph lqI ti 



854. — The-fflethQd-of-Glaim 810, additionally compri s i n g 

injecting lubricant bet\A^eon~'t'be'~tubufar member and the expansion device^ — Gomprisfng""at 
least nine co mpon e nts se le cted from the group consist i n g o f : 
a-base-eil; metaj-deacti v ate r; anti oxida nt s; sulfafteed n a tur a l oi ls ; phosphate 

est e r; phosphori c aeid^-viseo si t y m odifi er; pour poin t d ep re ss an t; 

d e f o amef^and-Garboxyife-aeid^oapSr 

%%§-. — T^e-metl^d-of-elaiffl-81 0 , w hefeip4he-expa-Rsi0R devicey^mpfisesf 

a tape red p o rt i on having a 4aper-ed-faceted p ol ygo n al outef- expan s i o n sur face. 

S5&, — Th e m e thod o f claim 8 4&^whefeirhfe n o n-u niform wa#4h40kness 

an d t h e expansion-device comprises^ 

a4apered~poftio n havi n g a ta pe red fa c et e d p olygonal^uter^^pans-ioph^urfaoe^ 

857, — The-ff^e th od o f cl a im 810, w ^erefn4Bb4ean-t-i^stered in a resef¥(^p-wfth--el e ct rod es that 
arB^iectfteativ^^lB^ c om pr isi ng 
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charging the capacitor 




inject in g th e l u b r i cant th rough at least a p ortion of th e-expansion de vi c e between4he 
tub ul ar m e mb e r a nd the e x p ans ion d evic e when the capacit ors di s c h a r ge s . 

8§8t — The-met^oe^^Glaim 81 0 , whef eff^4he4^ buiaf-fflem be r co rr >pffses^a^etlbore--^aeif>gT 

— Th e m e t h od of claim 810, w her e in the4ubu)af-membeFGeiTiprises a pi pe lin e . 

860, — Tbe-methed-ef-el^^ 

864, — TheH^ethod-of-elaim 8 10, whef ein4be-ex pan sion-dev-i Ge-GQmpf i-se-^an-expafts i o n c one. 

&&2~. — A s yst e m fef-radlally- ex p a ndi ng a nd pl ast ically de f orm i ng a t u b u lar--membeiV^mpr4sifigT 
mean s for posf-tfomng-an e x p a nsi o n de vi ce havi n g a f irst tap e red e nd a nd-a-secon d e n d 

aMeast p a rtially within4he tubular member; and 
me ans for d is pl a cin g the e x pansion device- r elati v e to the tubular mem b er to rad-ially 

expand-aftd plasticall y de f orm4he t ubu la r m e mber; 
wherei n t h e c o effici e nt of fr i cti on between4he~ex pansi o n de v ice an d the tubular m embef 



863, — The s ys t em o f clai m 8 62, wh e r e in th e co eff i c i ent of f r ictio n is in th e r a n ge of .02 to 0. 05. 

864, — The syst e m of clai m 862, ad d i ti onal l y compr i s i ng 

means4eF4qfeefeg l u bricant b etw een the tu tsH^tef^yiembef 1 ^ 

§65, — The~syste m o f claiffh8@4rwhefein t h e l u bftearrt-Gemprtee s o il based-.- 
866, — T h e s ys te m o f c l a im 864, whe re in the lubri c an t c om pr i ses H1 o i l 
86-7-: — The systemngrf-Glaim-^^^^ H2 o\U 

86-8, — Th e s yst e m of claim 86 4, wherein th e l ubrica nt co mpr i s e s H3 o i l. 
869, — The-system of cl a im 864, wherein the l u brica-frt-eemp rts e s H 4 oil. 



Hi irltin x s&cli si l 

UUrrn v3 1X3 \3rul 




lefepmatt 
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87^ — Th e sy ste m of cl aim 864 , w hereffhtbe lubricant-eompFises H 5 oil 
§74-: — Tbe-systef^of-Glaim^ 

ST2-. — The -system o f cla-im-8647^ l ub r icarrf^mprise s H7 o il? 

— Tbe-system^^afm^§^^ 

— The s y stem of clak qf^64rWhefBm the lubricant comprises dril l i ng mud. 

&7& — The-system of c la im 8MrWbefeifHfche lubr i cant c o m p r ises d ril l ing m udr 

877, — The system of claim 864, vvtei^i^-the-iubricant compfise€-4RiUft§- mud and s eiio 
l u br i cant s. 

§78: — The s yst em of c la im 8 6 4 r j whefe in the l ub r ic ant c omprises gr e ase combined^ w i t h a s o lid 
lubr-ican-tr 

S-79-: — The system o f claim 864, w herein the lubricant includes at le ast 10% Graphit e. 

8&Q-. — T he s y s t e m of cl aim 8 64rW h e rei n the l u brica nt i nc lud e s at l e ast 10% - Mo lybde n um 
Disutfid^r 

§§4, — Tbe-system of clai m 862, add4tiof^^€M^pr-isi-fig 

means for applying a coating on the expansion device prior to p o s iti onin g w i t hi n t h e 

§82, — Tbe^s yst em of claim 828r~wl^?^ffi4be-GGa-ti ng co mpfises- Phy ge n f ilm, 

883-. — Tbe-system-of^lain^ 

means for applyi^g-a-coating orf-tbe4ubyteF-membef-pfteF-to posife Bin§4be-exp3nsion 
de v ice^Nf^tbe-t^u-laH^embeFr 
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884, — The~system of c l aim 8 8 3, w he r e in the c o ati n g c o mp ri s e s PTFE. 

885, — The-system-of-claim 883, wheFetFF4hen3eati ng-com prises PTFE based. 
— Th e ■ syst eff^^GlaHTi 883, w frefeift4he-^^ 

887-, — The-sys-tem o f claim 862, whereiR4t^expansion de vi ce co m p r ise s DC53 mate-Ftaj- 
888, — The system af-etaim 862, whemffv4he~e^af^OF^^^ DC2 mat e ria -k- 

88-9-; — Th e s yst em o f c la lm^gaT-wherefR-the expanstefhdevtee-Gompfte es DC3 mat e rial. 
§90, — The s y stem~ e f claim 862, wherein the-e-xpa-r>&iofv-dev4ee-€omfir+ses DCS materia-k 
894, — The-system o f clai m 8 6 2, wheFeiR4he -expa n s i o n device comp r i s e s DC7 material. 



804, — The syst em of claim 8 62, wh o ro i n the -ex pansi on d e vi ce com prise s 10V m at erial. 

89§, — Th e sy stem of cla im 862, w here i n the expan s ion d evi ce co m pr is es 3V m at eri al . 

&9§, — T h e s yste m o f cl ai m 862, wh e r e in th e expansion d e v ice com pr i s e s an R E M 4ifvtehr 

§97-: — The syste m o f c la im 862, w here in t h e expan s ion d ev ice co mpris e s a pr oce s s ed finish. 

898-: — The-systeffl o f cl a i m 8 62, whe reirF4he~exp ansi o n d e vice comp rises-a-rel ative l y sm ooth 
suFfaGe-Feugh-ne-ss-r 

890, — Tfoe-systeFr^-Qk-elairrr^ n s i o n device coFFvpFfses-a-Felative ly smoo t h 

surface roughness afi4-ifveiyda&-Fetativeiy-evenly spaee oil peeketsr 




i n Hp \/ipp rnmnr iQi 

h nl \*& C? vt \s\J n iprra' 
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QQQ~. — Th e sy s t e m o f-elaim^^T^ a s m oo t h surf a ce 

r o ughness4f : Hthe-FaRge o f 0 .0 2 to 0. 1 microm e t ers 

QQA-. — The-system-Qf-Glaim 862, addit 4o^tiy-Gompmfn§^ 

mean s f or i n j e ctin g I yMeai^^ygt=ha^4eas-t^oftion of the expansi o n de vi ce be tw ee n 
the4ute-uiaRT}ember-a-R^ 

902, — T^^e^yster^o^a4ffl-^§2 > additionally comprisi ng : 

mea ns f o r i n je cti ng lub r icant thro ugh at lea s t a p ort i on of-th e e x p a nsi o n d evic e b e twe e n 
the tubular member a n d the~expansion devi ce -wh erva-^redet-efmi n e d presswe4s 

90& — The-sys t e m o f cl ai m 862 , add i t io nal l y comprising: 

mean s fopinje€4ing-lubr4€afi-Uhroug^ at leas t t w o portions o f the e x p a nsion de v ice 
bet we e n the tubu la r m e mbe^and-4he-e-xpa nsion-d evi oe a t two-4j#erent 
pre ss u r es. 

in ter n a l f[ n\ A/ na cc a gp in fhp* fjan^ r t^ H nnrfir>n* a n d 

tti tc l i icn rro v V puOOug~ itrtnc ldp\3t OVJ put Uw f 1, O t i cf 

at^ ea&ion^cif cumf er e nt-ial--g^QGve^ha v i n g a-ftrst-ed g e a n d a second edge^^rBg-wntrVa 
slid i ng angl e on th e out er s urface of the t a pe red portion flui dicly coupled to the 

de formation of the tubula r members 
wher effi-t-he-^-tiding-a^gle-is-l-es s tha -n-er-equal t o 30 degrees^ 

— The-systefrv-of-Gtai m 862, whefeifi^the-expansioR-deviGeT-Gompr-ise^ 
a tapered portion wit h a n o ut er s urf a c e; 
intern a l flo w passa ge in th e tapered portion; and 

af4ea-st~ofr€^ffCBf^ groo v e-havi ng a first ed g e a nd a second edge4^rftg^rth~a 

sti4m§^i^eH^ portion fluidity c o upled to the 

inter na l f low passage for receiving lubricant during radial expansion and pla stte 
deformatfOfr-o^the tubul ar-memteerf 

whe^ffr4-^re-s-MR§-afigle is less than-of-e qual to 10 d egrees. 
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906. 






co mprising at l east B ine co m ponents seleoted-fr om th e grou p co n s isting of : 



~04"!~5 otal doaotiv 3 t oi~j a n tioxtd a n ts^ sulf u r^z^o d— nafyral— oils, — ph oS"pl~ 
ester; phosphor ic ac i d; vi s c osity mo d ifi e r ; p o u r- p oi nt depressant 
defQamef^an4-eafbexylic a c id soaps. 




807, — The-system^Glaim^^ 

a t a p e r e d porti o n hav i n g a ta p ered f a ceted pol y go nal outer expa nsion s urfa ce, 

908, — The sys t em o f claim 862, w her ein th e tub^laf-member has a n o n - u nifo r m wal l t hic kness 
an^the-e-xpansiGn-^ev-iGe-GQmpfise&f 

a4apere d po rtio n havin g a tap e r e d f aceted-polygo n al ou te f-ex pa n sion surf a ce . 

-90-9, — T h e s yst e m o f claim 862, w he rein l ubricant is stored in a-re se r v o ir wiih-eteetrodes that 
are electrioail y c ou p ted a cap a ci t o*4n the expansion-device and is mjeeted4h rough at least a 
p ortio n o f t h e-exp a nsion de vi ce b e tw e en th e t u bul ar memfeopand the expa ns io n de vi ce w hen 
the c a paoiters discharges. 



944, — Th e syst e m of claim 862, wh erein the tubular mem ber compris e s a p i pel i ne. 

945, — Th e sys te m o f claim 862, w herein t h e tu bula r m e mb e r co m p r i ses a str uc tu ra l s u p p o rt . 
943, — The system of cl a i m 8 62, w he re i n th e expans io n d e v ice comprises a n e xpans io n coner 



expansion device, comprising-a44east-e^too^ 

a-fease oil; m et al deacti v a t o r ; a nti o x id a n ts ; sei fuhz e d n atwal oi ls ; p hos p hat e es t e r ; 

j^osffhoric acid; viscesftyfflo4*-fi e r; pou r -poiRi4e p res sa rrtH€tefoamef^d 

€aFteoxyfe-aGfd-^oap&r94^ — The l ubricant of claim 944 r -whe4 : e-i-n4he lu b r i c ant by 

woight-oomphses , by weight percentage : 
64.25 - 9 0.89% base oil; 0.0 2 - 0.05% m etal deacti v ator; 0.5 3 .0 % antio x i da Rteh4- 

4^e-&utfBrged-natufal~oi ls ; 4 - 1 2 % -ffhosphate-este r; 0 4 - 1 .5% ~phosphehG-aoi4^ 




944,23, 



A lubricant for injecting in an interface between a tubular member and an 
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defea-meis-aRd-Q — 5 % c a rbo x yl ic ae i d so a psr 

94& — A lubricant for inj e cting in an i n terfac e b et we e n a tubular memb er and an expansio n 
d e vi ce, co mpr i s ing^ 

77r^%--6afrela-e^ 

o il o r s ulfer 4zed-4ard o i l; 1 % phosphoric acid ; 0 .8 % st yr e n e 

hydfecarbof^ot-ymer; 0.3 % ^lky^este^Qfi8lyfBer^a n d 0. 05% silicon-based 
an ti f oam agent. 

947, — A lubri ca nt for inj e cti ng in a n in t e rf ace b etwe en a tubul ar m e m ber and a n exp a nsion 
device, comp r ising: 

64.25% to 90.89% canola oil; 
0,02% to 0.05 % tolyltriazole; 

64r2&%-Ga rola oil; 0.05% t ol y l tri az ole; 1.0% aminic antioxidant; 2.0% phe nolic 

antioxidant, 12%-eut furiz ed natufaf- oil or sulfe rized-l a rd oilH2% phospha t e estef^ 
1.5 % phosphoric a eid; 1.5 % st yrene hydro eafbon p olyme r; 0 . 5°/o -alkyl-estef 
GopoJyme r; 0.2% sili con b as e d antifoam a gentr^and 5 % cafbezylic acid-soa^(L5 
% to 1.0% aminic antioxidant: 

0.5% to 2.0 % phenolic antioxidant: 

94& — A lubricant for injecti ng in a n int e rfac e b e tw een a tu bular m e m b e r and a n expansion 
device, compr i s i n g-; 

4%±o12^su If u rized natural oil or sulferized lard oil: 

4% to 12 % phosphate ester; 

0.4% to 1.5% aho sphoric acid: 

0.08% to 1.5 %LStyrene hydrocarbon polymer; 

0.1% to 0.5 % alkyl ester copolymer: 

9&SQ% canola oil; 0.02 % -totyltriazole; 0.5 % phe n o l ic a ntioxida nt ; 4 % sulfwged-natufat 
oi l o r sulferized l a rd o ilH % p hosphat e e ste r; 0 . 4 %~f>ke^b or i c a c id; 0. 0 8 % 
styrene-hydfocafbon-^^ to 0.2 % 

silicon based antifoam agen k; and 

948, — A lubrica n^4of4njeGtfn g i n a n in t e rfac e b e tw een-a-tu bu la r membe^and-an exp a nsion 
devicer-Gompn-sfng^ 
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antioxidant; 12 % sulfu r ize d nat bEfat-oti or sulfefized4afd~e il; 10% p h osph a te estefi 
1.1 % phosp -bo rfc acid ; 1.5 % st yrene hydroeafeofvpelyme r; 0.1% alky l es t e r 
GQpotyff>efrQr05%^con based^fvttfoan^gef^a^d-^o-Gafb ozylic ac id-soap^ 

020, — A4u&fi€anWer^ 
d evi ce, compr i s i n g 

8 2.07 % -eanola-eil74)^ 0.5° /o ^miffe-anfexidafi- t , 0.5 % pkenelie 

ant i oxidant; 10 % s ulfuriz e d natur al oil or sulf e rized lard oi l; 5 % ph o sphate este^ 
0r5%o-pho&pheFf€- a ci d ; 0.1%-styrene hydfoeafben-pelyfRer; 0.2 % -alkyl-esteF 
copolyme r; 0.1% s il ico n b as ed a n ti f o am agent, and 1% c a rboz y lic aci d soafir 



92A-. — A4yteftean^4of4n|ect i ng in an in t e rfa ce between-a t ub ul a r m e mb er and an expansio n 
d-ev-iGe-Gompr4siR§T 

gOr6&%-ean ola oil ; 0.04% to l yltri azote ; 1% phen olic ant i o x id ant ; 8% s u If u rized-Ratufat^il 
hydrocarb on-polymer; 0.1 % alkyl est er c o po l ym ef^and O.Q8 % ~sifeo n b as ed 



032, — A4ybfieaf^Qf4f^eetfB§ in an in t erfa c e-betwee n a tub utef-membef-a- n d a n e x pa-n-sion 
deviee^erapRstng-f 

80.31 % canola oil; 0.04 % t o l yltriazole; 1.1% pheno li c a ntioxidant; 9% sulfuriz e d n atu r al 
oi l or s u lfeffeed-l a r d o i li-8%-fihe&ptote-ester; 0.8 % phosphoric acid; 0.4 % st yr e n e 
hyd roc ar b on p o lymer; 0.3% -alk y l es t er co p ol ym e r; and 0.05% -s i l i co n based 
anttfeam-agentr 

923, — A lubrican t for inj ec ti ng in an i n t erf a ce be tw ee n a tubular m e m ber an d a n e xpansi on 
device, c om prisin g at least 10 % Gfaphfe 



924, — A lu b ri c a n t f o r i n jeoting-4n-an in t e rfac e betwee n a tubular m emfeer^Rd-an- expansion 
d-eviee, comp r isi n g at4ea st ^ 0% 4Aei^be4emm-Q\By^^ in a thtekenef~ifPA4t^^ 

1% to 5% carbozylic acid soatL 
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An expansion device for radially expanding and plastically deforming the tubular 
member, comprising: 

one or more expansion surfaces on the expansion device for engaging the interior 

surface of the tubular member during the radial expansion and plastic 

deformation of the tubular member; and 
a lubrication device operably coupled to the expansion surface for injecting lubricant into 

an interface between the expansion surface and the tubular member during the 

radial expansion and plastic deformation of the tubular member when a 

predetermined pressure for lubrication is reached. 



— T h e e x p a nsi o n device of clai m 9 25, wh erei n the lubrica ti on d e v ice c o mp r is e s a pu m p. 



92-7. — The^e xpa n sion d evtee o f c l ai m 925 , whe re in th e lub rteatioFhde vi ce compris e s: 
a-reservoi^opera-bl^-Goupled t o t fre-expa-Rsion surface f or hou s e a lub r i cant 
a m e a ns f o r pres s urizi ng th e lubri ca nt; an d 

a^neans for injectin§-the-k^br}€afrt4n the reser v oir into the i nterface-when-the 
p re de t erm i ne pr e ssure is rea che d. 

Q2& — The-expaf>si o n device of claim 9g5^wto^ifh4he4u bri cat io n device comprises^ 

a means for pressurizing the lubric a nt; and 

a va l v e fl uid icly coupled t o th e r e s e rvo i r and the e xp ansion surface for inj e cti n g th e 
tu&Rean-Un t o the i nt erf a ce when4he-pfede t e rm in-e-pressure is reached. 



a re s e rvo ir o p e r ably c oupl ed t -o-the-exp ansi o n s urface for h o u se a l ubr icant 
a me a n s f or pressur i z i ng th e l ub ri can t; 

a pre ss ure e n h a ncer operably c oup l ed to t he reservoir to increase the p r e ss ure on the 

lubric a nt i n th e reservoir; an d 
a^aive fl u idi cl y coupl e d to th e r eservoir-a n d th e~expa ns i o n s urfac e fo f4Rjeet i ng the 

ta^4canUnte4he in t erf a ce wten4he~-p re d e teroifie-pFess u re i s re ac h e d . 



— T-he-expaf^sien-deviGe-ef-etelm 925, wberein-t-h e lubrica tio-R-devfee-compftees; 
a-reservQif-operabty coupled to the expafi^r^fFfaGe4or-hQu^e-a lubricant; 
a-means4or-pres-sufizf n g the-fabrtean^ 
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a-valve f lu idi c ly c o up l ed t o4he-res e rvGH^Rd4l^e-expafvs i o n s u rf a^e4o^nj eotlBg-fee 
tobfte ant into th e interface w hen the predetermin e pressure is r e ac bedr 

934, — The e xpan sio n d -eviee of claim 9 25, w herein t h e coe ffic i ent o f friction betw e en th e 
exp a nsion dev-ie^-a nd-the-tu butef-mem be r during radial e xpa nsioft-and-^^ 
iess-tha-n-OrOSr 

932, — The-exp a ns i o n de v i c e o f cla im 92 5, w he r e in th e co e fficient of frict i o n b et w e en th e 
expansio n d e v ic e an d th e tu bular memb e r during radial expansion and p l astic d e fo rmation is in 
the range-of .02 to 0.05. 

93-3, — The-ex p an si o n d e v ice o f c lai m 9 2&^whefetfvthe lubric ant co mpr i s e s oi l b ased 

934, — The-exp a n sion device of c l aim -926T^vherein t he l u b ri c a n t c o mprises H 1 oil 

935, — T he e x pans io n d evi c e o f c l a im 9 26, wh e r ei n tbe-tubftea-nt co mp rise s H2 oil. - 



937-, — The-e xpa n si on-devi€e-o^e[ajfn 9 2 6 T -whefelfr-the4ubri€af^Qmp rises H4^flr 
933, — T^exp a nsiorvdevteeHs^-^l^^ the lu bricant comp rises H5 o iW 

93- 8. T he expa ns iofhdevtee-of-etatfn 926, w befei n t he I u br-teant-GQ-m-pfi-ses H 6 oil. 
940, — The expans i on de v i c e of cla i m 926, wh e rein the lub r i can t co mpris e s H7 oi l . 
944, — The expan sion devi ce o f cl aim 9 2 6 , w he r e in th e lubr i cant compris e s greas e . 

942, — The ex pa neien-devtee of c laifyv92€ T ^rerein the4 u br i can t compftees-water b a s edr 

943, — T-be^paf^QfHElevtee-o^ t comp rises dri l ling-mudr 

944, — The expansion devic e o f c la im 9 2 6 , wher e in th e lubricant compris e s drilling mud. 
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945, — T h e e x pan sion de\ 4ee-Qf^lajffi^^ drillin g mu d and 

sol i d lubricants. 

94€h — Th e expa-n&ien-de vic e o f c lai m 92 6, wh ere i n t h e lu b r i c ant co m pri s es grease combined 
w ith a solid lubricant. 

94^ — The-e^pansten d e vi ce o£otaiffh82@7^ co mprises-at4ea st 1 0% 

G r ap h ite . 

94& — The e x p a nsi o n de vic e of c l aim - 9 2 5 , wherein the lub ricant c o mprises-a^teast 10 % 



a c oatin g o n t h e e x pansion deviee-prier to p ositioning- wi thin the tu bul ar member . 
950, — T he e xp a n s i on d evi c e of cl a im g gSr^e r ei n the c oa tin g comp rtees-Phygen fil m . 
954: — The-exp ansion de vi ce of cl aim 92 5, a d diti onal ly c o mp ri sing 

Pi pn^tinn nn fhp tuni il^r mpmhpr nrinr to nocjfioninn f hp fivn^n^in n Hpx/ ipp within thp 

tubular member 

95-2, — The-expa-R^ien-devfoe of claim 9 5 0 , w herei n the coa t i ng c o m p r ises P TFEt 

9§3, — The-expaffstefHBtevte^ th e coati n g co mpr is es PTFE ba seck- 

954, — The-expan^ioFhdevtee of clai-m-g^Qr-whefein the coating comprises G rap h ite base4r-r 

95#, — T-he^x-pan-si0n---d 
ma te rial. 

9§6t — The-expansioR-devk 
material 
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ih-wfoerein the expan-sien-^evlee-eofflpr 
mater-talr 

958, — T-^e-e-^fia^sleR-4e vice of clai m 9 25, wh e r e in th e e xpansion device comp rise s DC5 
m at eri a l. 

9§9-. — Th e ex pa nsion devic e of cla im-9 2 5, w harei n t h e e x pa ns i on d e v ice c ompr i s es DC 7 
material 

9&Q-. — The-e-xpaBsion devfce^f^aim-Q^ 
materials 

— Tbe-exp ansio n de vic e- o f-et a i m 925, w hefei n th e e xp amfon-de vi ce compris es C PM -M4 
material 

9&Z-; — Tke-expan s ion d evic e of -etalfR-Qg^T-wh-e r ein the-expansion deviee-eom pris es 10V 
material 

9&3, — T he e x pansion-device o f cl a i m 925 , w herein th e-exp ans i on de v i c e co mpr i s es-3V 
material 

9Q4-. — The expansio n d e v ice of cl aim 925, w berei n t he ex p ansion d evic e comp rises an REM 
fiatebr 

— Thaaxpaf^Qn-devi-ee o f claim4)g£ r - whe r ein the-expaosion de vi ce- - c ompftees-a 
processed fini s h . 

— The expansion devi c e of claim 925, wh e r e in th o exp ansion de vic e comp rises a rela tiv ely 
sme9t-h-sBffa€e-Feug h nessr 

•967- — The-expaftsiervde^^ 

smoot h surfa ce-rough-fiess-af^ inc ludes r e lativ e ly e vefdY-space-o i l p o cketer 

— Tfoe-expansfon- d evice of-elaim 925, wbereiB4he~expansion device comprises a smooth 
s^Fface-Febf§frness4n th e range-o f 0 .02 to 0.1-micrometefs 
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9&9~. — The-expaR-&iofv4e vi ce of c la i m 92 5, a d d itional ly compr i-slngn- 

means fe f4njeetfn § lubricant through at lea st two po r tions of t h e expansion device 
b etw ee n the tubular m em ber a n d the e xpansion d e vice a t tw o different 
pressur e s . 

97ft — T^e-expan^fQfhd evice of claim 92 5, wh e r ei n th e e xpans i on d ev ice, c omp rise s : 
a4a-pef ed-por-t-iofhwi t h an outef-swfaoe-i 
Inter na l f lo w p as s age in the t a pe r ed p o rt i on ; and 

at-least-ofte circumferen-tial-gfoove havffi§^4rst-edge-and-a-seGo^€l edge havmg-witfo-a 
sMn g angl e on the o u t er su rf a ce of the ta per ed port i on fluidicly co upl e d to th e 
internal flo w p as s ag e4oR^€elvif^4ubrteafft-dyfffi g ra dial exp ans ion and pl a stic 
de f o rmat io n o f th e tub u l a r m e m b e r; 

wherein th e s l iding an g l e is less than or equaUo-30-degfees- a nd the exp a n sion surfaces 

a-re-4oeated o n t he tapered por ti o n . 

— T-he-expa^s-ion d e vice of-daim 925 , wbefew4he e xpansi o n devi Ger-eompftees^ 



w here i n t he s l id i n g an g l e is les s tharv -of-e q ual to 10 deg ree s an d the e x p a n s i o n-surface s 
a-fe-loeated~efr4he4apered po rtio n 

97-2, — ij^e-expaftsier*^ 

components selected from the gr oup consisting of f 
a-base-eiii-motal-deaGt^^ 

este r; p hosphorie-aeidi^sGe^^ 
defoamer; and cafbox yl ic aoi4-soap$r 

97& — T-he^pafi-sion^viee-of^laim 

a4apered-pertion having a tapered4aoeted-poly§oBal-outer expansion surfacor 





ered p ei 
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thiek-ness a n d th e e xpa nsion-devioe c ompr i s e s : 

a4 ap e red p o rt io n hav ing a tapered fa cet e d polygona l o utef-e xpansion surfac e . 

97& — Th e exp ansio n de vice of claim 925, whefeifi lu b r i c an t is s tor e d -i n a r e s er v o i r with 
electrodes that are o leetrieaWy-Goupted a ca^eitof4n4he-expaf^ie n device and is i njected 
th r o u gh at leas t a p ortio n o Tth e ex p a n s i on d e v ice be tw een4he tub ular m e mber and-t-he 
e x pansion de v ice when the capacitors discharges. 

— Tbe-expansion-^evie^^ the4ubulaf~member comprises a-wetibofe 

casing. 

977, — Th e exp an si ofhdevfee o f c laim 9g§r4A/ h ere in t he4uteutef~me mb e r ceropfises-a p i pe lin e. 

978, — The-expansion-devi-ee of cl a i m 9 25, wherein the-fabula r mem b er compffees-a-s-tfUGtur-a-l 
support. 

979, — The-exp a n s io n deviee-of-elaim 925, wherein the exp a nsion devtee-comprises a n 
exp ansi on c on e. 

980, — A-method-fer radiatiy-expaf&ti ri g an d p lasticalty^-defe rm ing th e-tub ul ar member 
comprising: 

p o sition i ng a n exp a nsio n de vic e having one o r more e x pan si o n surfa c es in the interi s f 

displaeiRg4he^xpa^ 

fila-sfeati-y-defef m-the-tubuta r member-^af)4 
operating a lu b rication device to in je ct lub r i ca nt-tote-an in t erface between-the-ex-pa-R&ien 

suffase-and the tub^faf^Bembe^vh en a pre detefmimd4ubfieafft pressure is 

re a che d . 



984^ — The-fflethod o f clai m 9 80, w herein the a4ufeH4eatfefH^ 

982, — The^eth04^Teteim 

a resef v oir opefably coupled to the expansion surfaee4of^eusea-fabfi€aFrti 
a^eansTef^ressuf&Rg^ 
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predetermine p re ss u re-i£-~reaG&edr 

a r e s er vo ir ope ra bl y coup l e d t o the ex pansion surf ace for h o us e a l ubrica nt ; 
a-means^r-pFes-&ur4z4Rg4he-~)ubfi€aRti^-nd 

a^al v e fl uidi cly co up l ed to th e-reser v oir an d the e xpans i on s u rf aee4o nnj ec t i n g t h e 
l^r4GaF^i^te4^ 

©84, — The-method-o^Gta-im 980, wherein the lubricatieB-devtee-Gomprfee&f 

a reser v o i r op erabl y co upled to the expansi o n s u rf ac e fo r house a lubricant; 
a means for p re ssurizing th e lubricant ; 

a^p res sure enh a nc e r op erabl y cou pl ed to the r e s e n/o i r to i n €rease-the-pre ss u r e o n the 

fabfieafvMr^^^ and 
a v a lv e fluidi c ly co up l ed t o-the-reser v oir and t he e xpansion surface f o r inje cti n g th e 

lybrteanWfite4& 

985, — T^e^ethod-^^laifTvQ^Oy^h^ i n th e lubri cat ion-device compris e s : 

a rese rvoi r op e r a b ly-eau p led to th e e xp a n s i o n s urf ace f o r ho us e~ a lubricant ; 

a mpan^, for nrp^Qi \r\y\nn thp h iHrip,Qnt' 

o rntTunvj txji uoouiioi tv4 trrCT rcncri iv>di t 

a p ist o n o p efabiy-coupted t o toe-reser v o i r; and 

a va l v e fl u idicly coupled to the reservoir a nd t h e e x pan s i o n surface fo r i nj ect in g the 
lubricant ifto4he4ffeffaee~w<w p re s su r e is rea c hed^ 

devtee-^a n d t h e t u b u l a r me m b er dur i ng r a dial expa-nsi- o n an d pla s ti c d e form ation i s les s than 

987-. — The-methed-ef-elai m 9 8 0 , wfcteFetf^ 

devfee-ar*d4be4ybute^ 

ef . 02 to 0. 0 5. 

9&& — The method of claim 987, wher e in the lubricant compr i s e s oil based. 
989, — The-FRethod^elaim^^Tr-wherein t he - I ubfi^R^cef^f4-ses^1^i-tT 
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QQQ-. — The^ethod-of^t aim 987, wh e r e in th e lubrica nt com p ris es H 2 o i l. 
-994, — Tbe^ethod-of-^ai m 9 87, wh e r e in the lubric a nt c o mpri s e s H3 o il . 
Q-92-: — The method of c l aim 987, w herein the l^fioant-Gomp-rises H4 oil. 3. 
993, — Tbe^efeQd-e£~Glai^^ comprise s H5 oil 

904; — The4^ethe4^f-€te-ifn 987, wfrefeiR4fre4abri€an t co m prises446-eftr 

995- . — The method of daim^^gTr^A^^ H 7 o il. 

996 — The m e t ho^^elaiffl-g^-wherein the lubric a nt- co ffl p fi s e S "* € f ro as e r 
997~: — The^athod-o^^m-OgT^-wherein the lubricant comprisesnwatef-base^r 

hg l ub ri can t co mpri s e s drilling mud 

'pq Hrillinn mi tH 



100 0. Th e m e thod of claim 9 87, w herein the lubrican t compris e s drillin g mud an d solid 
lu-brieanter 

1 00 1 : The m e t hod o f clalFB-9§ : 7 r ^A4^fei-R4te lu br icant^mftrises grease co m bined-wrfea^otM 
l u b r ica n t. 

1002. The met hod of c la im 9 87, w herein the l ub r ica n ^eompri s e s a t least 10 % Graphite. 

4^Q^-TbeH^ethQd~o f cl aim 9 80, whe rei n the-k4brtean-t^omfirises-at4east 1 0% 4^ojybdenwn 
Qisutftete-r 

4O04^Tbe-metho d o f clai m 980 , ad 4itienally^&mfipfefn§ 

coatinQ-en-tbe-expaRSfon device prior to positioning^iMn-tbe tubular member 
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1006 . T h e m ethod-of cla i m 9 80, additionally co mpr is ing 

coating th e tubu l ar m e mb e r p ri or to p osit i oning th e e xpans i on d e v i ce within th e tubular 
me mb er. 

1007. The m ethod of cla im 10 06 , wh er ei n th e c oat i ng c ompris e s PT PEv 
4O 08. Th e method of cl aim 100 6 , wher e in th e coatin g-co mp r is es PT FE b as ed . 

The m eth od of c l a im 1006 , whe r e i n th e c oatin g c om prises Gra p hit e b a s e d . . 

1010. T he-me th od o f c l aim 980 , wh ere i n th e ex p ansio n-devioe-oo m p ris es DC 53 ma terial 

1011. The-me t h od of c laim 98 0r^herein t h e e x p an sion-dev ic e comp r ises DC2 mat e ri al 
4 012. The m ethod-^^talm-^gOrWl^e r e in th e~e xpansion d e vic e com pr-i-ses-BG3-ma ter-ialT 
1 01 3. The m e th od of c laim 9 80, wherein t h e-expans i on d ev ice comprises D C5 m atefialr 

-1 01 5. Th e meth o d o f cla4ffh9&OrA/¥h^ com p rises M2 m a te rial 

4046^Tho-methed-efolaim^^ 

4017. Th e m e thod of claim 9 80, wh e rein th e e xpansion devic e compris es 10 V m at e r i a l . 
1018, Th e m e thod of claim 980, where i n the expa n sion de vice compris es 3 V m a t erial. 

1 020. T he-method of c I ai ff^-QgOr-wl^ef n4he n i s h . 
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4 021. Th e meth o c 



Th e m et ho d of clai ffl-QSQr-w^efeifh-^ 
s urfa ce roughness and i ncl u d e s relatively e v enl y sp a ce oil pockets? 

4 023. Th en rot h o d o f c laim 980 , wh e rein the -e x pan si o n devic e c o mpris e s a smo oth surfa ce 
r-oug-h n ess in the-fa^ge of 0 .0 2-te 0.1 m ferometefs 

i nje ct in g l u bri c ant t hr o u g h at -teas£4 w o po r ti o ns of th e ex pan si oft-devte^bet w ee n t h e 
tubular me mb e r and th e e xpansion d e v i c e at two diff e r e nt p ress u r e s . 



1025. Th e meth0d^^etafffi-9^Q r J M^emin t he e x p ans ien-€tevte e, co mp r is es^ 
a4apered~po rt io n w it h an o uter surface^ 
if^-aal4(ew^ 

a^ea&t-one c i rc umf ere nt i a l gr oove-havi-Bg a first-ed g e and a s ec ond ed§e4^avifl§-wifra 

mtemal4tQw-paesa§e f o r rec ei v i n g l-u-bftea nt duri n g r adia l- expansi o n a n d-ptestie 

defamation o f t-he4ubular-me-mfe^7 
whefeffl4he~siiding angle is I ess-4-han-eFeq u al4o-3C 
a re lo c ated on the tapered portion. 



1026 . T h e met h od of claim 98 0, wh e rein the o xp a nsio a-de vi ce, c om pr is e s : 
a4apered portieR- w ith an ou t er su rf ace; 

i n te rnal f l o w pas s age in th e tapere d p ortion; 

aMeast-aae cir cu mferen-tial-g-roove havi-ng a first-ed§a-and-a^eoof^4-e4ge h av in§-wftt=Ha 
sliding angle on the outer surf a ce of t h e tap or od port i o n f luid i cl y couple d to the 
i n te r nal f l o w passage for receiving lubricant during radial expansion and plastic 
defo rmati on o f th e tubu l ar m e m &efj 

wherein the sliding-aagle is less than of-eq^a ko 10 degr e es a n d the e xp a nsion surf a ces 

are-toGate4-orv4he4apef ed-port ion . 

1027. Th e method of claim 98 0 t where i n th e lubricant comprises at least nin e compon e nt s 
selected fr om th e group consisting of: 
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e- st er; p-bos-phefH 

d e f o am e r; and carb oxylic aci d soapsr 



7r IvyCrt-Jl rCTt™ 



102 8. T he m et hod of claim 980, w herein t he ex pan s i on d e v ice, comprises^ 

a tapered portion havin g a t a p e red fa ce t e d po l ygonal out er e xpansion surfac e : 

4£29^Phe-methed of c l a i n^gQ^Afoefein the t ub u taHqaefflbef4i^^ 
afid-4h^exp a nsion d e vic e co m prise s : 

34aper-ed portio R -havin§-a-tapered-faceted poly gona t-Gu-ter- expa n sio n surfaeer 

- 1 0 3 0. The met h od o f claim QSOrAA^efein^ub^cap-i-is-steFed in a r ese rv oi r with e l e ctrodes that 
are-electric al l y c ouple d-a-eapaeiter i n th e e xpans i o ff4evteei-a4 dit i onally co ffp4sln§4 
charging t he capac i tor; 

di sch ar gi n g th e capacitor th r ou g h th e-eteetfode s; and 

iqfeetfflg the lubricanUhreugh at least a portien-of4h^ e x pansion device betweeR4he 
tu b ul a r membef^aftd-the e x pansion device w hen the c apa ci tors dis-ohapgesr 

1 0 3 1 . The m eth o d-ef cl aim 980, wh e rei n the tu b ul a r m e mb e r c ompffses-a- w e l l bor e c asifi€fr 

1032. The methed-Qf^ai fff-Q^ r compris es a pi petifver 

103 3 . The-me^hed-o^etei m 980, wherem-the tubular-me m b e r c o m pri s es a structural-su-ppeftr 

4&34^^heHytethod-Q£-Gl^^ e x pa ns i o n d e v ice--GQfflpftees-af^x^ 

4-Q3&7— /V lu bric a nt detivef^ssem&y^^^ an d plasti eall>^efQfi^Rg-a4ub^af 

m e m ber, c omprising: 

af^xpafvsien^evie€^ 

feeen y oi r f o r hous i n §^a4ufefte an t, at least o^e-circu m fere ntial groov e - Q R-tfre-euteF 
swfaee^ y dicly con n ec t ed4e4he^e$er v oi r ; and 
a4u^R€affUnjeGfeR-4^ chanism 4Q force l ubr ic an t i nto t he-aUeas^ene ci rcumf eren-fel 
groov e whil e rad ia lly e xpanding a nd p l astical l y d e form i n g the tubular mem b er 
when a predetermined lubricant pressure is reaehedr 
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is-chvalve and 4he4ubftea nt is d r^mg^yld-^eeefve d in th e r eservoir 

10 3 7 . T h e l ubricant del i very ass e mbly of c l aim 9 
to dr i l ling f lui d u se d t o e xp a nd th e tubular momb o r, 

a p r essu r e a cc e le ra fef-feeeived wi th i n t he r eser v o ir t hat s e par ates the dr i l lin g 
flu i d and th e m ediar 

1038.25. An expansion device for radially expanding and plastically deforming a tubular 
member, comprising: 

a tapered portion with an outer surface; 

internal flow passage in the tapered portion; and 

at least one circumferential groove having a first edge and a second edge with a 

predetermined sliding angle on the outer surface of the tapered portion fluidicly 
coupled to the internal flow passage for receiving lubricant during radial 
expansion and plastic deformation of the tubular member, 
wherein the sliding angle is less than or equal to 30 degrees. 

-1^-3-9^An^-pa-R&fQR~devjGe28,. v ,, A method for radially expanding and plastically deforming 
a the tubular member, comprising: 

a le a d i ng portion wi th an outer surface^ 

at l e as t one circ umf e re nti al groove on the oute r s urf ace of th e tap e r e d p ort i on fluidic l y 

expansion-and p l a s t ic de for m ati o n o f the tub ular nRemberj 
internal flo w p a ss ag e i n the tapered portion; and 

at leas t o n e circumf e r e ntia l groov e on the out er s urfac e of the t a p ered p o r t ion fluidi c l y 
co u ple d t o 4he4frtemal4lo w p as s a ge fo r roceivlng-tu br ic ant d u ring r adial 
e xp an si ofr-an4-pte3^ member 



1040. An expansion d e vic e for radi a lly expanding and plastically d e form i ng a tubu l ar m em be r, 
comprising: 

a le a ding porti o n w i th an outer su r fac e ; 
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i nt er nal flo 1 



§p i n f hf^> lo.QHi 



ai4eas^eae circ u m fer e n tial groove on th e o ute^wface-ef4foe4apere d p o rtiernfoid-fGly 
c o up le d t o th e-internal f l o w passage for receivi n g l u bri cant during radia l 
e-x-pa-nsior^and-pJa-sfe 

a tape r ed porti o n w ith an out e r surfa ce^ 

internaWow^^assageH^ 

aUe as t one ci rcumfer e nt ial gr oov e on th e o uter surfac e o f th e t a pe r e d port i on flu i4tely 
eeu^te4~te4^e-ifrt-erRal4low p as sa ge for receivfftg4ufe^^ 
e xpansi on-and pl as tic d eformation o f the tubular memb e r, 

wherein the lubricant in the leading poftiorvte-a^pres-sufe-4i#efen t from t he lubricant in 
the tap er e d -portiefb 

1 0 4 1 , A n expansion -deviee f or rad i a lly e xpand i n g-ar&H^lastieaH y de f o r mi n g a tubul a r member 
cemprfefn^- 

a l e a d i f^§-portfOFHA4th an ou t e r s urfac e; 

internal flow passa§e4a4 h e leading portion; 

at4east one circu m fere n tial groove-on-the o ut e r surfac e o f th e tapered p ort io n fluidicly 



a yeast one circum f erentia l g r oo v e having a first edge an d a second ed ge with a second 



1042. An e x pansi o n device fo r radial ly e x pan din g and plastically defor ming a tubula r member 

rnrnnriciinn • 
v>ci t rpn ion ivj : 

a l e a ding port i on with an -euter^urfaeej 
intemal4low-passa§e in the leadfflg-fieftioni 

ayeas4-oae-G4robCTfefe nti a l g r o ov e on-fee-oute^urfaoe of th e tapered-porfen f luidi cl y 

Geuple44€h#^nte^^^ 

expaR^ien~af^pJasti^4efw 
a4apered^eftrOrH/^ 
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aHea st on e circumfepeft-fet-gFOGve having a fi rst edg e and-a-seeo n d e dge ^/wth a second 
predetermined sliding an g l e on th e out e r surf ace of t be- t apered portion fl u idicl y 
c o u p le d to the int e rnal flow pas sage f o r receiv i ng lubric a nt dur i ng radial 
expansion and plas ti c defor m at i o n of the tubular member ; wh e r e in the second 
slf4fBg-af4gte-te-tes64han or e q ual4o-£&-€tegfeeSr 

1043. An expansion d evice for radially expan 4if^g-and plastleaKy-defer ming a tu bu lar member^ 
c o mpris i ng: 

a4eading port-io^wit -i^n-oute r surface^ 

int e r na l f lo w pass age in the l ea d in g p o rtion; 

at l ea s t one circu mf e r e ntia l g r o ov e on th e outer surfac e of th e tapered portion fluid ic ly 
eeupt ed t o th e i n tern al fl ow p as sage for re oeiw^g-k j b ricant durin g ra d ial 
ex^a^sion-af^-plastic def o r m ation of the-tub-y-la-r-member froffl-fe^intemal-f-low 
p assage 

a-tapered portion-with an outer surface; 
internal flow pa s sage i -n-th-e tapered po r tio n ; and 

a^leas^one c i rc u mferential groo v e h a v ifig-na-ftrs^edgo an d a second e4%e- w\t h a second 
predetermined sli d i n g a ng le o n th oouter su rfa ce of th e t a pered po rtion fl ui d i cl y 

expaf^n-^f^piastte-deformation of the tubul ar m embeffw-twem t he second 

sliding angle is less tha n or equal to 30 degrees, 
wher ein the lu b ric an t i n th e leading portio n is a t pfesswe differe nt from the l ubricant in 

t he tap e red port i on- 
po sitioning an expansion device having one or more expansion surfaces in the interior 

surface of the tubular member: 
displacing the expansion device relative to the tub u lar member to radially expand and 

plastically defo rm the tubul ar member: and 

o asial^^ toliMaa^ite^ thojaaaaosioo 

surface and the tubular member when a predetermined lubricant pressure -is 

4Q44r27. A method of reducing the coefficient of friction between the expansion device and the 
tubular member during radial expansion to less than 0.08, comprising: 
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altering at least o n e of4he^emeftte-seleeted from the-gfeup-e ons i sti ng of: expansioe 
deviee g e om et ry, expansie^evtee-Gomposifefvexpansion d e v i c e s uffaee 
r o ug hne s s, exp a n sio n d e vic e t e xture, expansion d e vice coating, lubricant 

m e mb er roughness, and tu b ular m e mb er coat i ng . 

1045. A me t h o d o f re du ci n g the co effi ci ent o^frteten b etwee n the e xp a nsion d e vic e and the 
fakuiar-fflember during radial-expansion to less than or eq-ual to 0.05, comp r i s i n g^ 

a lt er ing at l e ast on e o f t he e l e ments s e l ected from the group consisting of: e x pansion 
devi ce g e ometry, e xpans i on devic e compos i tion, expa n si on d e v i c e surf a c e 
r o ughn ess, exp ansi on d e vic e textur e , e xpansi o n de v i c e c oati n g, l ubriea^t 
co m p osit i on, lubr i cant environmenta l i ssu e s , l ubricant frict i ona l m o d i f iers, t ubul a r 
memb e r roughn e ss ^a n d-tubulaf^mmber co atin gr 

1 0 45 . A m e th o d of re d u ci ng th e coeffieieftt-of friction between t he exparision-device a n d t h e 
t^-buiarH^embef-d-mng radial expansion to less th a n or e qua l to 0.02 , comprisi n g: 

altering at least one of the elements selected from the group consisting of: expansion 
device geometry, expansion device composition, expansion device surface 
roughness, expansion device texture, expansion device coating, lubricant 
composition, lubricant environmental issues, lubricant frictional modifiers, tubular 
member roughness, and tubular member coating. 



1046. A lubrication system for lubricating an interface between a first element and a second 
element, comprising: 

a vaporizer proximate to the interface for vaporizing a lubricant to inject the lubricant in 
the interface. 



1047. Th e s ys tem of cla im 10 46, wherein the first element comprises an expansio n device an d 
the se c ond element c o mprises tubu l ar member during rad i al e xpansion and plastic d e formation 
o f t h e tu bula r memb e r . 



a-r-esefveir f or h ou si ng a Iub4eafvt; and 

arHele-etrie-fiulse generator to create-an-eleetric pulse in-the-lubrica n t. 
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10 4 9 . Th e Ibifefi^atioR^y^tef^Q^Maj m 10 4§ r -wherein the eleetr*c4fflpul se g e n er ator compris e s: 
aUeas^of>e-eapa#tef-ele ctrically coupled to t he elect r o d e. 

1051. T h e lubric at io n s ystem of claim 10 1 6, wh e rein the vapor izer co mp ri ses : 
a re s ervoir feFheue}fi§-a4ufer-teant; and 

an m a g n e ti c p u lse g enera t o r to crea t e a m a g ne t ic p uls e i n the l ubr tea-nk 

1 0 52. T h e lubrication s yste m of claim 105 1, w herein the e l e ctric impulse generator com p r i s e s : 
m a gn e t i c coil hous e d in the res e rvoir. 

1 0 53. The lubri cation -system-ef-^taim 104 6 , wherein the lubrication syst e m add i tional ly 
com p ri s es^ 

af^expa^i0n-4evtee4G^ 

wtweifHthe-Goeffide nt o f f r icti o n betwee n th e e xpansion device aftd t h e tub ^af-membef 
^mg-fad-ial-e-xfia^sion and plastic defofmati0n4s-4ess4han-QrOgT 

1054. The l u brication s yst em of clai m 1053^-whefe i n t h e coefficie n t of f r i ction is ifHth^range-of 
.02 to O.Q5v 



1 05 5. T^e4ubneatl9ff^ystem^^a im 1053, additionall y comprising^ 
lubricant bet w een the tubular mem ber and the expansion device. 

1056. The lubr i cat i on syst e m of c l a i m 10 5 5, wh e rei n th e lub r i c ant c ompr i s e s o H-basedr 



4057^- 
40S8v- 


The lubrication 
The lubrication 


-system of claim 1055, whereiFHlrie lubricant comprises H1 oil. 
system of claim 1055, wherein the lubricant comprises H2 oil. 


40§&- 


-The lubrication 


-system-e^elaim 1055, wherei-n-trie lubricant comprises~l43~oflT 


406©^ 


The lubrication- 


-system of claim 105^-wherein the lubricant comprises H4-eitr 


40£4^ 


-T4^lubriGafen~ 


-system o^etaim 1055, wherein the4uferiGant-eomprfees H5 eitr 
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406gr~^e4uhfi^ l O ^S^-hefe^ c o mp r i ses 146-oiir 

1063. Th e lubrication syst e m -o f claim 1055, wh e r ei n t h e lubric ant compr i s e s H7 oil . 

10 64 . The l u b r ic ation syst e m of cla i m lO S S ^vhefef n th e l u b ri c an t c o mprise s g re aser 

1065. Th e lubric ati o n s yst e m -o^el a im 105 5 , w here in th e lu b ricant comprises wat er b asedr 

1066. Th e l ubr ic ati o n s yst e m of c l a im 1055, wherein the l u b ri c ant compris es drill in g mud. 
4 067. Th e lubric at ion s yst e m of -el aim 1055, wh e r e i n the l u bricant com p r i s es dri l l in g m u4r 

1 06 8. The lubrication syst e m of c laim 1 0 55, where i n t he l u b ri cant com prises dri l l i ng mud and 
sol id l u b ricaffer 

1069. The luhhe a t i on s ys te m o£-eJam--1 055, w herein the lubricant comprises grease combined 
with a solid lubrica-Rk- 

1070. Th e lu bfteatfen-sys t e m o f cl ai m 1055, whefein th e lu b ri ca n t c ompr i s es at least-40% 
G r aphit e. 

1071. Th e lubricati on s yst e m of claim 1055, whor ein the lubricant com pris e s a t le a st 10 % 
Mofy bd e n u m -Pfeutfi4er 

1072. T he4u&FteatfOfl-system of cl a fffM-C^r^d^oRally comprising: 
a coa t ing on the expans i on d evice. 

1073. The lubricatio n s y s tem of claim 1072, w he r ein the co ating compris e s P h yg e n fi l m. 

4074^— The l ub r i c ati o n s ys t em -o^clalfn-- 1 053, a d ditio n a l l y c o mpri s in g 
a coating on the tubu l ar me mb e r. 

- 1075. Th e lubric a tion syst e m of c l aim 1074, wh e rein the c oat i ng compris e s PTFE. 

1076. Th e l u b ri c at i on system of cl a im 1074, wh e rein the coating compris e s PTFE bas e d. 
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4-0 7 7. T h e lu bfteati on sy&terFhQf-Glai-m 1 074 T ^whe4 : em4he coat i ng co ffpfees-graph it e b asedr 
ma t e rial . 

497 9. The lubr i c a tion s ys tem of-stalm 1053, wh e r e in t h e e xpans io n de vtee-eo m p r i s e s DC2 
material. 

4Q80r— Th€4ubf i Gafc s e s DG3 

material 

1081. Th e lubricat io n syst e m -o^elaim 1053, whe rei n the e xp a ns i o n-de vi ce co m prise s D CS 
materials 

40 82. T he4u&rication system of damn 1053, wfoerein4he expansion device coffp%es4B-G7 
materlalr 

40§ 3. Th e-fabfteation syste m o f cl a i m 1 0 5 3, w heffiff^4he-expan si o n d e vi ce c o mpri ses-M2 

1084. Th e lu br i cati o n s y stem of cla im 1 053, wh e rein th e e xpans ion de vice compris e s CPM M4 
ma t eri a l 

1085. Th e l ub ricat i o n s ystem of cl a im 1053, w herei n the e xpansion devic e comprises 10V 
mat e ria l 

1086 . The l ubric ati o n system of claim 10 53, w herein the ex p an s io n de vic e comprises 3V 

4QM^fte-l4dbfi€at40R-system o f cl aim^-Q^g^whefeir^^ comp rises a n R EM 

finish: 

1 089 . Th e4y&f4cation system of claim 1053r^ereif^the-e-xpansion d evj^e-eomp-fises-a 
pfOGessed-ftnishr 
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1090. The4ubfteatien-&ystem of clai m 1053, w hereifhthe-Bxpaf& i o n devic e h as a relatively 
s m oo t h surfa ee-feuglffies&T 

1091 ; Th e-k+bfie ati o n s yst e m of claim 1 053, w here in th e e xpans i on d e v ice has a re lative l y 
smooth su rface r o ughness a n d inc l ud esHFelativety-^^ 

1092 . The lubrication system of c l aim 1053, wherein the e xpans i on d e vic e has a smooth 
surfac e r ou g hn e s s in th e range o f 0. 02 to 0.1 micromet e rs 

10 93 . The lub r ic at i on -sys tem of claim 1053, w h er e in lubr ic an t i s i n j ecte d t hrough at least-a 
portion of the expansieB-^eviee^etween-the-tub^laF-me m b e r an d th e expans i on dev i c e. 

4QQ4-^ffie4uMeatio n system -ef-Glaim 1053, w hefein4ukriea^^ at le a st a 

poffefho^he-expanslo n d e vic e b et w e e n the4ubu]ar-m&mbe r a n d th e expamier^evtee-wlwv-a 
predetermined lubfieant- pr e ssur e is met. 

40 95. The lubric a t ion s yst e m of clai m 1053, w here in l ub rica nt i s injecte d t hr oug h at least t w o 
port ions of th e e xpa n si on d e vi ce between4fre tubu lar m e mber and t he-expam ion d e vi ce a t two 




1 0 9 6. The lubricati on syst e m of cla i m 1053, w herein th e e xpans i o n de vi ce co mp r is e s: 
a4apeFed-perii0f^ 

int e rna l flow passag e in th e t ape r ed p o r t io n ; a n d 

ayea-st^n^-G-ifeumfefe-nt-iat groove4^aving a-first e d ge-arid-a-sec on d e dg e havin§-wit-i=Ha 
sMng-angte o n the o ut er su r fa ce o f the tapered portion fluidicly coupl e d to th e 
intern a l f l o w passa ge f o r rece i ving l ubr i can t duri n g r adia l e xp a ns i on and plastic 
de f o rmation of the tubular m emb e r ; 

wher ei n t he sliding a ng l e is less than o r e qual to 30 d e grees. 

a4apered-p ort i on w i th an o ute^sutfacei 
intern a l flow passage in th e tap ered p o rt i on; an d 

aMeast one circum f erential groove hawtg-a-first edge and a second edge having wttfr-a 




sliding an gl e on th e out e r surfac e of th e taper e d porti o n f l u id ic l y c oupled t o the 
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wtwein4he-sti4ing angle is les s than or e qu a l -to 10 de grees. 



1 09 8. T h e lubricati o n syst e m of cl ai m 1 0 53, additi o nall y co m p risi ng 

lub r i cant between the tubular m e mb er an d the e xpans i on device, comprising at least 
nine com p on e nts s e lec t ed f ro m the group consisting of: 
a base oil; m e ta l d e act i vator; antioxidants; sulfurized natural oi l s; phosphat e 
est e r; phosphori c aci d ; visco sity modifier ; p o ur - po i nt d e pr e ssant; 
d e f o a mer; and carboxylic acid soaps. 



a-tepefed po rtion having a t a p ere d f aceted-polygo n al outef-ex pans i on surface . 

1 1 00. The l u bri ca tio n syst e m o f cla im 1 053, w h e rein the tubular mem ber has a non-untfofm 
wati4hiekRess aad4he-e xpans ion device comprises: 

1 10 1. Th e l ub ric ation s ystem-o^-slai m 1 0 5 3 , w he r e in a t l e ast on e ca p aeitor compFis-es-a 
GapaerteN=>afll^ 

1 1 02. Th e l ub ri cat ion s y stem of claim 1 053, wherein the tubu lar m ember c o mprises a w ellboro 

1 1 03. T fre4u&R€attefV-system of cl a im 1 053, wkerein t he tu b u laf-membe r comp rtees~a p ip e l i n es 



AAGA^4^B4^bma^B^~s^\B m o f clajfM-Q^3 7 -whefe^^e4yfeBtef-member comprises-a 
structural support. 



44O-§r~4^e~)-ubfi€ati0n-sy^tefF^ 
expar^ten-eoffer 

28. A lubrication system fo H iib^ 
elementr€ompnsi-R§T r comprising: 

■avagorizer Bm^lmiMiQih§iQte^£§ for vagpxLzlnci^ubricant tp inject the 
lubricant in the interface. 
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44£Tr29. A method for lubricating an interface between a first element and a second 
element, comprising: 

vaporizing a lubricant proximate to the interface to inject the lubricant in the interface. 

44& & Th e-meihe d of cl a tfyh44Q77-^^ co m prise s an ex^an-sion-devtee-^md 

the s e co n d etemen t compr is es tu bu l ar me m be r d ur i ng radi a l e x p ansion a n d-ftlasti c de f o rmat ion 
o£4be tu b ular member 

4^^Qr-4^e~methed-ef c I a i m^O-Tr-ad di t-ioRalt-y^GGmpf is-i-n§T 

ho usin g a lub r ic an t in a r e se r v oir h a vi ng a n exit passageway; a nd 

a pr e s s ure pu l s e t o f o r ce lubri can t ou t of th e ex f^passagewayr 

1110. Th e met h od of c la im 1 1 0 9 , wh erein the ele ctric pu l s e is generated b y disc harging a 
cap a citor through elect-re d es st o red in th e l ubrica nt 

^444^The -method- oM 



curren t thro ug h m agneti-c-eoys-steH^^ 

1113. A metho d o f cl ai m 1 070 , addit i on a lly compris i ng: 
positiofflBg-af^expaBS-ion de v tee-havlR^a first tapered-^Rd-and-a-seGQ^ d end a t-teast 

partially w ithin the tu butef-member; 
displacing the e x pa nsion device r el ativ e t o th e tu b ular m e mb e r to radially e xpand and 

plastic a ll y deform the4ufeutef~me mb er; and 
whemftvthe-ceeffteiefv^of4ri 

during radial expansion and plastic deformation is less than 0.08. 

111 4 . The m ethod o f claim 1113, whef envthe-coeffeie nt of fr i ction i s in th e ran ge-eTrQg-te 




fCjeway? 




la-fm 111 1 "j whoren 



>a§n< 
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1115. Th e m etho d of claim 1113, ad ditio nal l y comprisin g; 

injectin g lu bftea nt b e tw ee n the tubular member a n d the e x pansion device; 

1116. Th e methe4of claim 111 5, wh erei n th e lub r ic ant co m pri ses o i l b as ed. 

1117. T h e m et ho d o f c laim 1 115, wherei-rHthe l ub ric a nt co mp r ises H1 oil 

1118. The m e t hod of cla i m 1 11 5, w h er e in th e lub r icant comprises H2 oil. 

111 9 . The method of claim 111 5, w h erein th e lubr icant co mprises H3 o il 

1 1 20. The-method of cla i m 1 1 1 S r-wherein-the lubric ant com p r is es HA~o\^ 

1121. Th e-meth od of claim 1 1 15, wherein the lu brica n t co mp rise s H5 o i l . 

1 1 22 . T h e m ethod o f claim 1 11 5, w here in th e-fakric an t co m p ri s es H6 e ilr 

1 123. The m e thod ot elak n 1115, whe r ein the lubricant compris es H7 oil. 
44^4^The-fnethed-of claim l AASr+fifoetem the lubricant com prises-greaser 

1 1 25. The met h e4-8f-Giaiffl44^ the l u bric a nt co mprises-wa fe r ba s edr 

1 1 26. The m e th od-of-slaim 1115, w hefaif^theHlub r icant comprises drilli n g mudr 

- 1 1 27. T he-methed-of-elaifn 1 1 1 Sr^wher-eln-t h e lubhean t c omp hses^rittifigHTOdr 

1 1 28. Th e m et h od o f claim 111 5, wh e rein the l ubricant comprises drilling mud a nd so l id 
l ubr i ca n t s. 

44£9. The meth od-of-Giaim4 115, w h ere i n the lu b rica n t c o mphses-grease com bM^ed-vwth-a 
1 1 3 0 . T he-fflethed-e^elai^^ 
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4-4- 31. The -fflethod of claim 1 44^wkefein t he lu br i cant inctu4es^at4east 10 % M ol y bdenum 
D isulf i d e. 

1 1 32. The m et h ed-o f claim 1113, a d d it io nally c om pri si ng 

m e mber. 

1 1 33. Th e m e t hod of claim 1 1 32, wher ein the co ating com p ris e s Phygen film. 

4 134. Th e metho d of claim 1113, additio n al l y comprising 
a-ppi-yin-g^-Goat-^ 

wHwvfoe-tufe^ 

1 13 5 . T h e m ethed-e^e laim 1 134 , wh e r e in the c oating compris es PTFE. 

4 4 36. T he met hod o f cl aim 1 1 3 4 rWhere i n th e c oatin g comprises PTFE b asedr 

1 137. The m eth o d of cl aim 1 134 , whereitvthe-eoati-Bg co m p r i s es gr a ph i t e ba se4r 

4-4-3 9. Th e-methed o f clai m 1113, whe r e in t he e xp ans i on device co mpr i s e s DC2 m aterial 
44 40. T he-method o f clai m 1113, wbefeifHthe-expa-R-si o n device co m p r ises DG 3-materiair 
1141. The method-o^ela-ff n 1113 , wherein the expaf^fK^eviG^ompffees DCS material 
4442^-~4 : heHTOe^ 

1 1 43. Th e m e thod of c laim 1113, wherein the expansio n device comprises M 2 m a t eri a l. 

1144. T he-method of Giairri444S r Aft^ comprises CPM 4Vl4-matefiatT 

1145. Th e-methe4^Gt^^ device co m^r ises-1-Q V~mater iair 
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1 1 46 . Th e m ettod of cl aim 11 13, wfoerei n-tfoe-ex p a n s i en-dev+Ge comprises 3\Amaterialr 

1 1 4 7. T h e meth o d of claim 1113, wh e r e in the expa n si on devic e com pri ses a n REM f i nish. 

1 148. The method of c l aim 111 3, w h ere in the expansion device com pris e s a processed finish. 

44 4 9. T he method of c l aim 1113 , whoroin the e xpa ns i on d evice has a rel a tiv e ly smooth 
surf a ce ro u g hn ess 

1 1 5 0 . The met ho d of cl a i m 1113, w h er ein th e ex p a nsi o n d e vic e has a relatively smooth 
sy ffac e roughn e ss an d i n c l ude s r e lativ e ly e v enl y s pace o i l pock e ts. 

44^-^-4^e-mefeod o f cl a mrM 113, wberei-n-the expar^ofhdevtee4^s~a-smoo th surfa ce 
ro ughn e s s irv4he-ran§e o f 0 . 02 to 0.1 micr ometers 



115 2 . T h e m e thod of cl aim 1113, a dditi onall y c o m prising: 
member and th e expafssion d e v i c e. 



1 153. Tfre-methed-Qf^laim 11 13 , add-iti-enally comp r ising 

injecting lubricant through at least a portion of the e xp ansion de vic e b e tw e en th e tu b ul a r 



rr>of 

TTTvTXT 



115 4 . Th e method-ot-elalm 1113 , a dditionally comp r ising: 

if}jeetmg4^fi^ aMea&U-we-pertions o£4he-expans i on de v ice-between4be 

tubular member^and the expansion de v ico--at4we-4tf f e rent pres s u res. 

44^5^-The-ffiette 

a4apered-p ort i on wit^n-euter-&urfaeei 
intern a l flo w p assag e in th e4apere d po rt i on; an d 

a t l e ast o n e cffcumfefenfe^Qeve4^ing a first-edge~and a second edge ha v ift^-with-a 
sliding a^gte-eR4be-eutef-surface of the4apefed-pertien4lu idi cly counte d to th e 
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^efen^a-tiofi-of-fee tubutaf-membefi 
whefe in the slid i ng a ngl e is l e ss than or e q ual to 30 degrees^ 

1 1 5 6 . Th e-method o f c la i m 1 1 1 S .r-wherein t h e e x p a n sion devic e, s ompffsasr 

a-taper-ed-portion wittvafheutef^rfee^ 

i nt e rnal flow pas sage-i-n the t a p e r ed p a rt io n; a n4 

at4ea&t-ene-GffGumfefefvt-ial^feeve-havin 

s l i d ing ang l e o n the o ut e r surfac e of the t a pered portion flui d icl y c oup le d to the 
ma ternal f lo w p as sage fo r rec ei ving lubricant during r ad i a l expansion and plastic 
d e fo r m at i on o f th e t u bular m e mb e r; 

w her e in t he sliding ang le i s le-ss4han-or equal to 10 degrees 

44§7^^e-meteo d of cla i m 1113, ad4ittona-H y compris ing 

in je ct in g l u bricant-between t h e tu bu l a r memteef-and the exp a nsion devi c e, compri s i n g at 
le a st nine e emponente-s^eGted from the^m^p-cans isting o f: 
a b a se o il; m eta-l-deae tivator; ant i ox i d ant s ; sulfurize d natur a l o il s ; ph osphate 

d e f oame r; and carboxyli c acid soaps. 

1 1 58. T he-fflethe d of cl ai m 1113, wherem4he~e-xpa-nsieft-devi ce , compnsesf 

a tapered port i on h aving a tapor o d faceted polygonal outer e x pansion s u rfac e. 

1 1 5 9 . Th e method of c la im 1113, w hefei n th e tu b ula r membe^has a no n -uniform w all 
thickness-^ nd th e -expa n sion de vice compris es-. 

a t a p e r ed p ort i on havi-ng-^ntapered fac e ted polygonal out e r expansi on sur facer 

1 1 60 . The m ethod of cla i m 1113 , whor oi n t h e at l o as t ono capa citor compris e s a 
capaciter-bankr 



1161. The m e thod of c l aim 1113, w herei-n-the tubular member-comprises a w ellbo r e c asing: 

1 1 6 2. Th e m e th o d of claim 1113, wh e r e in th e t u bu lar m e mb e r compris es a pipeline. 



114 



25791.307.04 



44-6 4 . Th e met h od-e^etai m 1 1 1 3 T wherein th e e x pansion-device comp ri s e s a R-expaRslen-GORer 

4-165. A s yst e m for lubricatin g a rwRtetface-between a first element and a second element 
oempfismgf 

meam-vapefia^ l u brica nt in the 

int e rf a c e. 

1 1 66 . The s yst e m of claim 1 1 65, wh ere i n the first element c o m pri ses an exp a nsion d e vi ce a n d 

the^eeen4H*temen^^ 

of th e tu b u lar m e m ber 

4 467. T be-systeffl-Qf-el aim 1 16 5, w he r e in th eHreafls^of^rapo rizing comp rise ; 
mean s f or h o us ing a l u bric a nt in a resewelr-b av ing a n exit pass a geways 
means-fef^enefa t in g a n e l e ctri c p u l s e in t h e-fe s er v o ir , th e reby vap o ri z i ng th e lu bricant 
and ca^ng-a-pr-ess ure pu lse to force lu&rieant-ou t of t he exl^passagewayr 

4 168. The syst em of cl a im 1 1 67, w here i n-the-electric pulse is generate d by disc h a r g in g^ 
ea-pac it or t hrou gh electrodes store d i n th e lubric an t. 

1 169. T h e-systeRR~Qf~eteim 1 1 6 5, w here in t h e means fe f-vapefeing-Gemprises:- 
means for h ousing a l ubricant in a r e servo ir having an e xit pa ssageway; 

and c ausing a p r e ssu re p bfee t o f orc e lubr i c a nt out of the e xit passa geway 

1 1 70. T h e s yst e m ofelal m 1 169, w herein t h e m agnetic pulse i s ge n e r a ted by cur r e nt ru nni n g 
GUfrent-thr-Qugh-ma§Retf€-GQfe s tor ed4R4he4ukriean-tr 



1171. The syst em of claim 1 1 65, a ddlttef^ly-GompfisfRgT 

me ans fo ^osttiefHRg^aB-expans i o n d e vice h aving^F&Uapefed e n d an d a-seeoR€^eRd 

at least pa rtia l ly w ithin a tu b ular me m ber 
R^e ans for d isp l a c ing th e ex p a nsion-devioe-fel ative to the tu bula^nembe r to rad ially 

expand-and-plastically d e form th e tu bulaf-membe r; and 
wherein the coefficient of friction-between the expansion-device and the tubuiar-fRem-ber 

dwRg-radlal-expaRSfOR^-Rd-plastic defofmation is le s s tha n 0.Q& 
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1 1 72. The syst e m of cla iffl~1474 T ^erein tt^e coefficient of frietiQfHs4 n th e r a ng e of .02 to 0.05. 

4- 1 7 3. T h e-sy&tem-Qf-Gtein^^T^-T-a d4i-Uofially-^m^4sif>§ 

means f o r in jec tin g l ub r i can t b etwe e n the tu bular m e mb er and t he e x pamie n dev ice; 

117 4 . The s yst e m of daim- 1 173, w h er e in the l ubrican ^eemp-Rse s oil bas e d. 

11 7 3. T he s y s t e m o f claim 1 17 3, wh e r e in th e l ubr i cant comprises H1 o i l . 

1 176. T h e s ystem of c l a im- 1 1 73, wh er ein th e l u b r i ca n t c o mp r is es- H 2 o il . 

1 1 77. T he-s^-tem-o^et aim 1 1 73, wh e r e in t h e lu b ri can^Go m p ris es H3 oi l. 

1 1 78. Th e-system of claim 1 1 73, wh erein th e l ub ricant comprise s H4 oi l. 

1 1 7 9 . Th e s yst e m o f elal m 1 1 73, w hefe in the lub r icant co mfeR&ee4 H 5 o i l. 

1 180. Th e s yst e m of claim 1 173 , whereifHthe4ub ri c ant compr i s e s H6 o fk 



1 1 82. T he~s y stem of c l aim 1 1 73, w herei n the l ub riean t co m prises greaser 

1 1 83. The-syste m o f clai m 1 1 73r^herem-4he lubrican t co m pri se s wa-tef-basedr 
4484r-^e^ystem-ef-elal m 1173, w hefeifHthe4u^rieai^-eompfises-4ri lli ng mu4r 
44§§r^ke-SYStem^ 

1 1 8 6 . The s yst em o f c la im 1 1 7 3, whefein-the-tu^Rea nt comp^ses^rilfe^ 

1 187. The system of clai m 1 173, w he r ein theTubricant comprises g r ease-eembined w ith a s oli d 




JyMcafi-tr 
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1188. T ha-system of cl aim 1 173, wherein tt^l ubri cafrt i nclu de s a i 4easMO%-GfapMer 



D is u lfider 

1 1 90 . T h e syst e m of c l aim 117 1, addit i on ally comp ri sing 
meanafef^plyi*}^ 

tubular m e mber . 

1191. The syste m o f cl aim 1 1 9 0, where ia-the c oa ting co mpr i s e s Phyg e n f Hffb 



-149 2. The----&ystem-~of---^ PTFE b ased 



1 1 9 3. The-sy^teffla^etaim^ graphite basedr 



44-94. The-system of cl a i^1474r-whei^r^the expansion de v i-ce-Go m pri s es D C 53 material 



iRS-ioR-devfGe-eompfise 



1 1 96. The syste m of claim 1171, w herein the expansion de vi ce comprises DC3 m a teri al . 



1 1 9 6. T h e s ystem of claim 1171, w here in the e xpansion device compris e s DCS m ateria l. 



1 1 98. Th e sy ste m o f c lai m 11 7 1, wh e rein th e e xpansion d e vic e c omprise s DC 7 mat e r i a l 



1 1 9 9 . The system of c lai m 1171, w h er ei n the expansion d-evice comprise s M 2 material. 



4^0^-The-system-olal aim 11 71 , w h er ei n t he e x paRaiea-da vi ce c ompr i s e s CPM M4 ma terial 



12 01. The syst em^^Glaiffl-4474r^^ e xpansion d e v ice-co m pri s e s 10V m aterial 



12 02. T heay&tefaalataim 1 171, w herein the expansiofh^evfce c o mprises 3V material 
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^erein-the 



sion device comprii 



ar> ptriw} finish 

xt t—f-xt — rvi rrrrTOTTr 



1204. Th e sysfem-of claim 1 171 , w h ere i n th e exp ans ion-de vic e compr ises a proces s ed4ifHshr 

- 1205, Th e system of claim 117 1 , w here in th e exp a nsion devic e co m ^ftees^a-retetfv ely s m oo t h 
sy-Ffoee-reugfones-Sr 

1 206. T be^ystem-Q^oiaifn 1171, wherein the ex paf*sioft-4evtee-o^^ 
surface roughness and includ e s re l a tiv e ly e v e n ly-epa ce oil p o ckets. 

1207. The s yst e m o f cla im 1171, wh e r ei n th e expa nsion de vice compr ises a s mo ot h surf ace 
reagh n es s in the range of 0.02 to 0.1 microm e t e rs 

4 208. The -syste m o f clai m 1171, ad4i-tionaH^eomp4sfff^ 

means4of4njecting l ubricant thro ugfrhaUeast^o rtio n o f t h e exp ans i on deviee-between 
the tu bulaf-membef^and the expan s ion device. 

1 209. The system of cl a i m 1171, add itionall y comp ris i n g : 

the4ubute^fflembeF--and the e x p a nsioB-dav-ice^A/-heR-a-pf-ed eter mif 



1210. Tbe-system of c l aim 1 171, additionally c o mprising-^ 

means for i njecting lubri c ant th rough at l eas t t w o por tions o f t h e e xp a nsi o n d evi ce 
teetweef^the4ubu^ 
pr ess ur es 



1211. The syst e m of claim 11 71, wh e re in the e x pansion device, comprises 
a tap e r e d portion with an outer surfac e ; 
i nterna l ftow^passagmn4he t apered porti o n ; a nd 

at-leas^ene circu m fere nt ial^reove^^r^-^rst^dge and-^ecQf^dge-t^^ng^h-a 
slidi n g an gle o n t he-outer^urface of th e4ape re d portion flu i4tely-ooup ted to t he 
internal flo w passage for receiv ing l ub ric ant during r a dial expansi o n a n d p lastic 
deformation o^tl^t ub ul a f^nembefi 

wherein-the-stiding-an§je is less than or equal-to 30 deg reesr 
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121 2. Th e syst e m ofolai-m 1171, w foereifv^ie-expans^ 
a4ape red portion w ith an oyte^surface; 

a t least one c ir c umf e r e ntial g r oov e h a v i ng a first e d ge a nd a secof^^-ed§e-ha¥ in g wit h a 
slidinfHtfi^ po rtion flu i d i cly coupled t o the 

intern al f4ow^fK3ssa§€^ fo r re cei vin g l ubr ica nt d ur i n g-r ad i a l ex pansi o n an d pl as t -te 
de f or mat loff^fee-tu^ulaR^emfee^ 

w h er ei n t h e sliding ang le is less tha n o r e qual t o 10 d e gre e s. 

1213. The s y s t em of cla im 1171, a d dit i on ally co mprisi ng 

me a ns for in j ecting-kjfericant between-the tubulai^membe r a nd the expansion deviser 
eomprising-aUeas^nif^ compon e nts se leeted-from-the gr oup cons i sting ofe 
a-base oil; m etal deac t i v ator-hantfoxi d a n t s; su l fu rize d n atu ral oil s ; p hosptete 

este r ; pho spho r i c acid; viscosity m o dif ier; po ur -po in t d e pr e ss a n t 

4efeamef^R4^arboxytfG-aGi4-seap&r 

1214. Th e sys t em o f cl a i m 1171, whefem4be e xpa nsio n de v ice, comprises: 
a4 ape r e d po rti o n having a tap ered-faeeted pol yg o nal o ute r e xpan s i o n s urfaoer 

- 1215. T he system-o f cla im 1171 , wbefeifHthe4y-b^ 
an d the ex pan sion device comprise s : 

artapefed-pertio n h aviR§-a-tapered-faeeted polygonal outer expan si on-surtaoor 

1216. The~system of cl ai m 1 17-4— w-hefeffnaMeast one capacitor co mp rises a ca paeftef^bankr 

1 21 7. The system of cl ai m 1171, wher ei n th e tubular m e mber comprises a w e llbor e cas i n g, 

1 21 8 . The-sys tem of ete ifn-4474 T ^A£^ 

424 ft Th e sy stem of claim 1 1 71 T ^er^n4he4ulw^ comprises a s t ruotuia^suffportr 

1220. Th e s yste m of claim 1 171 , wh e r e in the e xpansion d e v i c e comprises an e xpa ns ion c on e . 
1221:30, A system for radially expanding and plastically deforming a tubular member, 
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comprising: 

an expansion device positioned in the tubular member; and 

wherein the coefficient of friction between the expansion device and the tubular member 
during radial expansion and plastic deformation is less than 0.08 and 

wherein lubricant is stored in a reservoir with a magnetic coil in the expansion device 
and is injected through at least a portion of the expansion device between the 
tubular member and the expansion device when current runs through the 
magnetic coil. 

1222.31,,,, A system for radially expanding and plastically deforming a tubular member, 
comprising: 

an expansion device positioned in the tubular member; and 

wherein the coefficient of friction between the expansion device and the tubular member 
during radial expansion and plastic deformation is less than 0.08 and 

wherein lubricant is stored in a reservoir and injected through at least a portion of the 
expansion device between the tubular member and the expansion device when 
vaporized. 

4223t32. A method of radially expanding and plastically deforming a tubular member, 
comprising: 

positioning an expansion device having a first tapered end and a second end at least 

partially within the tubular member; 
displacing the expansion device relative to the tubular member to radially expand and 

plastically deform the tubular member; and 
injecting a lubricant stored in a reservoir with a magnetic coil in the expansion device 

through at least a portion of the expansion device between the tubular member 

and the expansion device when current runs through the magnetic coil, and 
wherein the coefficient of friction between the expansion device and the tubular member 

during radial expansion and plastic deformation is less than 0.08. 

4-2-24r33, A method of radially expanding and plastically deforming a tubular member, 
comprising: 

positioning an expansion device having a first tapered end and a second end at least 

partially within the tubular member; 
displacing the expansion device relative to the tubular member to radially expand and 
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plastically deform the tubular member; and 
vaporizing a lubricant stored in a reservoir in the expansion device and injecting it 

through at least a portion of the expansion device between the tubular member 

and the expansion device, and 
wherein the coefficient of friction between the expansion device and the tubular member 

during radial expansion and plastic deformation is less than 0.08. 



1 225. A'S yst em- fe fHra^iaHY-^ a t u b utefMTOmbefr C omprisi^^ 

mean s for positioning an e xpansion dev teeto /i n g a first tapered end a nd a sec o nd end 

a t l e ast partial l y within the tubular m e mb e r; 
m e ans fo pdi^p l a cing t hee xpan si o n de vice re l ativ e to the tubular member t o rad ia ll y 

expaRd-aRsHatest^ 

wherein4he-Gee ff ic ien t of f r i cti o n b e tw een t h e e x pan^on-deviee-and the tub u l ar m e mb er 
dwng-radial e x pansion and pl ast ic deformafefHs4e$s th an 0.08 and 

wherein lubric ant is sto r ed in a reser v oif^d4nieGted4to) ug h at least a p ortion of fee 
expansion de v ice between4he tubular-member arid the expansion- d e v ice w h e n 
vapoBzedr 



1 226 . A s yst em f o r r adially e xpa n d i ng an d-ptestteall y de f or min g a tubular m e mber, co mprising: 
means-fof^pesftieBlng-an-expa nsi o n de vi ce4 : ^in§~a4irBt4a{^^4^d-a nd a second- -end 

aUe a st paffelfy-w&hin the t u bular member 
means for displacing the exp a nsion devic e r elative to the tubula r m e mber to radially 

e xpand and p l ast i ca l ly d efor m4he tub u t a r mem b er; a nd 
w herein t h e coe ff icien t o f fr ict i on bet we en t h e e xpansi o n de v i c e and t h e tu hul ar m e mber 

du ri ng ra d- i al expansion-and-plasfe4e f ormatio n is less than 0. 0 8 a n d 
where in lubricant is stored in a r es e r v o ir wi th a m ag n eti c c oi l in t he e xpa ns i o n d e vice 

3R€Ms4fvfeeted4hfeugh~aU^ 

tubul ar m e mber and the e xpans i on device when cu rr ent runs t h rough th e 
fnagnetlG-Geilr 

1227. A sys te m for ra dia l l y e x p a^ding-and-plest-ieal I y d e f ormi n g a tub u lar member--Gempr4si-ngT 
means for positioning an e xpansion dev i c e having a first t ape r e d e nd and a s e cond end 

a^leas^paftiatly^wifein the tubular member;- 
meaRS-fer-di^ptaei-ng the expansion devtee-relative to the tuhular-member to radially 
ex-paf>d-aR€t-plaetioaH-y d ef o rR^the4uhulaFmembefi-a-n4 
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means for vap o riaRg4Bto through at least a 

p o rt io n o f th e~exp ans io n de vic e b etween4he4ytotef^ a nd th e-expansion 
d e vice, 

d uri n g r a d i al e xpa nsio n and plastic d e f or m a tio n is l es s than 0.0 8 . 

1 228. A s yst em f o r radi al ly e xpan d i ng a nd ~ p l astic a l l y d eformifig^a- tu bu la r me m ber, c o mprise 
mean-s4GFpQsjt-ioBiB§--an^xpa n s i o n device haviffg^a-f-frsUapered-end-afid a s eco nd-end 
at least partially w i t hin the tubul ar m e mber; 

exp an d a n d p la s ticall y de form th e tubular -me mber; and 
mean&4of-vap04^ 

p ortion of th e e xpansio n d e v i c e between-tbe t ub ul ar m e m b er and the expansion 
devteer 

w he r e in the c o ef fici e n t o f f rictio n b et w een the expaneion-de vi ce a n d t h e tu bular member 
during rad i al expans i on a n d plastic deformat4ofH&4ees4han 0.08 and 

ponnppfprl to no\ A/pr ^. n nr pp* 

42-29. An ex p a n s ion-de vi ce for r a dia l l y^xp andin§-^d-filaet4oati^efo OT ii n g the t u b ular 

mgrnhfir rnmnriQinn' 

t rrCrrl^fcr\-?t~ o trrr tyJ cr rrt tjr 

o n e or m ore e xpansion su r faces on the expansion de v ice for engagi n g th e i nt erior 

fti i rf.ipp* o f t hp f] iHi tlji r m p rn hp r H i t rinn tH &x. r-Q fiirral < avn^nQir>n nnH nl^ctir" 

d eformation of th e tubu lar me m b e r ; an d 
a4ubfteation deviee-oper-ab^eou^ s u rfa c e for i nje c t ing lub ri car^Mo 

an i nt e r face b etw een t h e expansi o n s u rf ac e a nd-t he tubula r me mb e r d um^4he 

radial-expafi^ of th e tubulaH^e mb e r -whefna 

p re d ete r m ined lub r icant p r e ssur e is reached, 
whefeifv4ylMea-n^ 

least~a~p o r ti o n of t he~expa&sio n deviee-ketweeR4he4b^ 

ex-paRsioR-deviee-when^aporiz-edT 

42^Qr— An expaRS-ion-deviGe-for-fadialty expanding-aftd^la^ioatiy^fofming the tu bular 
member, co m p r ising^ 

Qneor-more -ex-pa n s i o n surface s o n the expamion-devioe-fof-engag in g t h e-mterior 
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deformation of t he tubular membe^-and 
a l ubrica ti on devic e op e rab l y coupled to the expat^ion-surface f o r i nj ec tin §4uk ricant into 

an int e rface betwee n th e expansion surface and t h e tubular m e mber during the 

radial e xpans i on and pla stic d e fo rmation of the t ubular m em be r w hen a 

pr e determined lubricant pr e ssur e is reach e d, and 
wtoem4ub ricant is stor ed i n a r es e rv oaMA /ith a magnetic co i l in th e expansion de v ice 

aFf€W^ifyeGted4hf-eu§^ 

tu b ul a r m emb e r a nd the e xpansion devic e wh e n c ur re nt run s throug h th e 
magnetic c o i l . 

1231 . A me th od for radia ll y e xpanding and plastically deforming th e tubular member , 

pos iti on in g a-R-exp ans ion-devte e having one-QF-mofe--expa^-sfQn^-uffa€es i n th e in t e r ior 

surface o f the tubular mem ber 
dfspjaGifi§4he-ex-pansion device relative to the4obota^member to radiaHy-expand-and 

ptestteati y de f orm the tu b ular member- 
o pera t ing a l u fefteation-device t o i nject I u b r i Ganl4nto-afv-i n-terfaGe-bet-we e n th e expansion 

su rface and ' t he4ubuter mem b er when a p re d etermine d l ubrica n t pr esswe-te 

qphp H c in H 

5tered4fha re s ervofr4n-tt^bbriGatiof^devlee and i njeete44h rougfr-at 
least a portion of the exp ansion device bet w ee n th e t ubular memb er and the 
expansion device whe n v ap ori z e d. 



1 2 32 . A m ethod fo r r a GfiaHy-exp a nding and plasticall y d e f orming th e - t ub u la r m ember 
c ompr ising 

p 0& j^4Q fi i R g^^ e . X paR sion-devfGe-tov i n g one-Qf-mefe-oxpansion swfaces in tfre-Merior 

s u rface of the tubular member; 
disp la cing t h e e xpa n sion de vice re lat i v e to th e tubular member to radia l ly e x p a nd a nd 

ptestteaHy-de f o r m th e tu bul ar memb e r - 
o p era ti ng a l u^teato^evfGe4o4njo€t lubriean^fBte^fH-nte-rfa ce b e tw ee n t ho- expansion 

surfaoe-and-the-tufeujaf me mb er when a -predetefmioed- lubricant p ressure4s 

feaohe d, and 

wher ei n lubricant is stor e d in a r e servoir with a magn e tic coil i n th e e xpansion device 
and4s4njeGted4hF0u§^^ 
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t ubular member-are^ through th e 

magnetic coil. 

12 3 3.34. A lubricant delivery assembly for radially expanding and plastically deforming a 
tubular member, comprising: 

an expansion device having a tapered portion with an outer surface, at least one 

reservoir for housing a lubricant, at least one circumferential groove on the outer 
surface fluidicly connected to the reservoir; and 
a lubricant injection mechanism to force lubricant into the at least one circumferential 
groove while radially expanding and plastically deforming the tubular member 
when a predetermined lubricant pressure is reached. 

4-gM^-The lubr ic ant d eliv er y assemb ly of c l a i m 1 2 3 3^4^1^ l u bric ant is st o r e d in a re s ervoir 
wifra-- magnetic coil in the-e-x-pan-siomdevice^and i s i n jec te d thro u g h a t least a pportion o f the 
expaf^of^4evfee--bet we e n t he tub ul ar member and the-expaa si o n d e v ice wh e n c urr e nt run s 
thfoug h the m agnetfe-soUr 

1235. The lubr i ca nt d e li v er y -assembl y of c la im 1233, w herein lubrica n t i s s t ored in a reser v oir 
i n th e lu bric ation d e vi ce a n d inj ected thro u gh at4east a po rtion o f the e xpan s ion devtee-betweea 
the tubu lar m ember and the-expansi o n d e vi ce- whe n vapofiz-edv 

1 235. Th e l ubr i cant delivery assembl y o f cl aim 1233, wherein lubri cant is stor e d in a re s er v oir 

wi th p ^l pptroHpQ tHnt .^rp p* ip*p tri rv^li \/ rni inlp>H ^ p^n^pitnr in IHa pyn^ riQi nn r lp*\/ipp inH \o, i ni o ot o ri 

Wrxri^^Ot^Trtcfvai^ if f U It? oApCil I ot Urt U C V I oc 1 arrti — ro trtj cottJtJ 

through at leas t a p o rtion o f4b e expa n s i o n de vi ce be tw e en th e tubul a r membe^and t he 
expansio n device-^whe n the cap aeiteFs-dteehargeSr 

123 6 . A n exp a n s i o n d e v ice for radi a Hy-e-xpanding and-ftes&ea tiy d ef or m if^^^bulaf-memberr 
comp ri s ing: 

a^apefed-portien-wtth an outer surface; 
int ernal fl o w pas s age in tbe-tapefed p o rt i on ; an d 

aHe as t on e c ir cumferef&al^-^^ a firs t edge and a secea^-edge^i-tb-a 

pre d e t e rm med^i4iag-aRgte- on th e-eutep~s urf a c e of th e tape r ed-portion f l u id icly 
couple d to the int emal4low-pa-ssage fo^receiv-iBg-fabriearvt^u-r-fag-radial 
expaRsiomand-plastic deformation of the tubular member 
whereifhtbe-sli d ing ang-le i s le s s t h an or-egual4o-30-4egreesr 
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if claii 




is stored in a n 




magn etic co i-l 

1 23 8 . Th e e xpansion devic e of d am n 1236, wh e r e in l ubr ic ant i s s tore d i n a r ese rv o n 4n4be 
l u bricati€N^evice^d4Rjeeted-thfQ- u g h at ieast-a-portio n o£4he-expans i on d e vi se-betwe e n the 
tub u l a r m emb e r an d th e expansion d e vic e w hen v ap o rized. 

123 9 . The e x pa nsi o n d e v ice o ^ela- kn 12 3 7 , wh e r ei n l ubr i cant i s s tor ed i n a r e s er v o ir w ith 
el ectrodes t h a t ar e e lectr i cally c oup l ed a ca pacitor in-the expansion deviee-and4s4njeGt-e^ 
t hr ou g h -a^leas^a-po^on-Qf4he-expans i on devi ce b etw ee n t he tub u lar membet^an44he 
expafr$\ofh4m\ee-w^ di s charge s . 

1240. A n e x pans-ien-device fop-radi a ll y e xp a nd ing^and-plastically deforming a tubular member 
c o mp risi ng : 

a4eadfR§-pGftior^with-an~euter-sufe 




in tern a l fl ow p as s a ge in the tap e r e d p o rtion; and 

at-4ea-st-Qne-Gif Gum f er e n t i a I g r oove o n t h e Q ^e^urfaGe-Q^e4apere4-port i o n fl ui dicly 
coupl ed-to4h e internal flow passage for r eceiv in g l u br i c ant during radia l 
expansion-and plastiG-defefmatiefHaf^^ 

-1-244 . Th e-4ubr4ean^del^f^ss^^ 240, wherein lub ri cant is stQf-ed4R-^-f-e&efv-eif 

with a m agnetic c o i l in th e e x pansien-ctevice-an d i s i nj ected th ro ugh at l e ast a port i o n-e^-the 
expans i on deviee-between t h e tubu l ar membef-and-t-he-exparvsion-device-when cu rr e nt ru n s 



1 2 42 . Th e exp a ns io n d e vice of clai irh4-24Q r M^erein4ub{4eaBt- is store d in a re s e rvo ir i n the 
Jwbfieatiefrdev^ 




rt^ne-eifeumfefe ntiat-gf 
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124 3. Th e e xpans i on d e v ice of claim 1240, w he r ei n lu b r i c ant is sto red in a-reservoif-wrtk 
electrodes that-ar e el e ctr i c a lly coupl ed a ca pacito r in th e ex pansion device and injected 
thr o ugh at l e as t a p ort io n o f t h e e xpa n sio n d e vi c e betwe en the tu bul a r mem ber an d the 
expafiste^devioe^A^n t h eH^aertors^teehafgesr 

4^44^W\fHexpan&i0n-de v ice f of-fadia-Hy expanding-afld-piasiieati^ 
compris i ng: 

a4ead*ng~perifomA4t-^ 

mtema!4tew p assa ge4n-the le a d ing -p ort i on; 

a^lea-s-ione-G4fGumfefential--gf-QGve--Qfi--the o ut e r surface of t he4apefed-pertien f l uid icl y 
coupl ed to th e4ntefflal4lew-pa 

expansio n and plastic deformation of th e t ubular-member 
a4ap e red p o rt iofHArith an outer surface^ 



4245. The~-expaneiofHdeviee o f c l a i m 1244^-whefein lu b ricant is stor e d in a~reser v o i r wifra 
magne tic coil in th e e xpansi on d evic e an d is i nje cted t h r oug h at le a st a p o rt ion of th e e x pa n sion 
de v i c e betw e en the tu b u la r me m be r and the expansion de v ice w hen current run s th r o ug h th e 
magneti c coil . 

1246. The e xpansion d e vice of claim 12 4 4, whe rein lubricant is st or ed i n a re s e rv o ir in t he 
!ufef4Ga-tien^ev-i€e-^ 

t u b u I ar-membeFa-n d t h e ex pansio n dev i c e wh en vapo rteedr 



eteetfodes4ha t a re eieetrioativ-eee^ 

through at l e ast a p ortion of the expan si o n d e vice between the tubular member and the 
exfiansion-de vice-when the c a paefere^sekafgesr 




nt in 

I fill ! 





ion devi 




ervoir with 
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12 4 8. An~e^pa ns i on d e v i c e-fer radi ally e x pandin g and plastica lly-del€MTO4f}§--a tu bula r member 
comprising: 

a l e ading po rtion with an o ute r s u r fa c e ; 

in te r nal flo w passa §e4n4he4eadln§^€H^eni 

aWeast^ne-eifGtmfeF^^ 

coupled to th e int e r n a l fl o w pa ssage- fc r rece ivi ng lu br i e an^ dur i ng r a dial 
exp a n s ien-and-piastic de fo rmat i o n o f the tu b u l af-memkefi 

a ta p ered p o r ti o n wit h an outer surf ace^ 

internal flew p a s s a ge4n4^e-4a per ed-per-tieni 

at l east one circu mf ere nti al g r o ove having a fi rs t ed ge a nd a second-edge w ith a s e cond 
pr^de-ter-mined--slidi^ 

co u p le d to the i nt e rnal f lo w passa ge for r e ceivfn§4uteftean t durin g radial 
ex-pansi en-and-pte stf &-def of m a t i o n of th e tub-ula^memfeer; w here i n the second 
s l idin g a ngl e i s les s than-or eq ua l to 3 0 de gfeesr 

1249. The-exp a nsion dev i ce of c l aim 1 24 8, w he re i n lubricant i s stor e d i n a- reser v oir wit h a 
magnetic c o i l in t-he-expan-si0FHdeviee-and-i-s4njeGted throug h aMeast a po rti on of the expansion 
de v ice b etween th e tufe-u-la^memfeer-a n d t he~expans io n deviee- wh e n cu rrent runs t hro ug-h-the 



1250. Th e exp an s i o n de vic e of c la im 1248, w herein lubricant is s tored i n a reservoir in th e 
lu b rication-de vi c e and i nj ec t ed th fey§h-ayeast-a-portion o f fee-e x p a n s ion de vic e between the 
tubular me m ber a n d the exp a nsion de vi ce wh en va po r ize d . 

1 2 51 . T he exp ansion devi ce o f claim 1 2 4 8, where i n lu brican ts sto r ed in a reservoi r wit h 
el e ctrodes that are e l e ctrically coupled a c a p a citor in the e xpansion devic e a n d is i njec ted 
t h rough at l e a st a-p o rtion of th e expansion de v ice between the tubula r m e mbe r and the 
e x pansion d e vice w hen the capacitors discharges. 

42§2r^n-expansier^^ 
c o mp rising ^ 

a-lead-ing portion with-afhoutef-suff-acei 

infernal flo w passa§e4n4fre leading-portion; 
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3ce of the tapered portion fl uid i c l y 

e xpa n sion and plast iensleformation of t-he-tubular member; 
a taper e d portion with an out e r surfac e; 
i nte r n a!4te w passa ge in th e t ap ered portion 

at-least-ene circumferenti al groo v e having a fir st edg^-a-nd^a-seGQfi^edg^-wi-t-t^a-seGQ^ 
p re det er mined sliding angl e on th e out e r surfa ce o f the ta -pered-po rt i on fl uid i cl y 
coupled to th e4nternal flow^aseage-fGr-reeeivi ng lubric ant-d^rifig-fad-ial 
expansion and p l ast i c deform ation o f the tubular mem b er; w here in the second 
sti4in§-a-n§]e4s4e&s-tha n o r equ a l to 3 0 degrees 

4^3-:— 1252, w herelFh4ubfi€anH^stQfed in a resefvoif-w-ttb-a 
magneti c coil in t h e e xpa ns io n devtee- and i s inj e cte d-ttroug h at lea st a portion of th e e xpansio n 
device be tween th e tubu l ar m € 

rn or 
1 Mat 



-1 254 . The exp an s io n d e v ice o^ etai m 1 2 5 2 , w herei-n4u br ica nt is s t ored-in-a- re s e r vo i r in the 
lukrie a t i on device and-ki j ected t h rough at lea st a po rt ion o f the ex-pafisioR-deviee-be-fw-eeR-4he 
tu b u la r m e mbe r and th e e x pan sion d evic e w hen vaporiz e d. 

1255. T he-e^pansleFhdeviee-e^ela im 1 2 52, w herei-Fhlubriearvt-is stored in-a-reservei^-with 
ele ctrode s that are e l ec tric al ly c o u pled a c apa ci t o r in th e e x p an sion device an d is injected 
thfw§h^4east-a~portien of the ex pa n si o n deviGe^etweervthe-tu^bfla^member and the 
exp a ns i on d e vic e when th e cap aci t o r s d is c har g e s 



1256. An expansion devic e fo r rad ia l ly expandin g a n d p l ast i cally d ef orming a tubula r m e m ber, 
comprising 

a-leadln g porti o n wrth-an out e r s urf a ce; 

iaterf^Wiew-f>assa§e4^ 

at4eas^e n e ci r c umf erential gr o ov e o n th e-eute^su rface of t he t apered-porti o n fl u idicly 
ceupled-te4he-in t ern a l f l ew-passage~ f o r r ecei ving I ub4ean-t-4uffng-radiat 
e xpansion and plas t ic deformatien-of-the tubu l a r member fro m the ir^mai~#iew 
paesa§ej 

ifrtema!4tew-passage4^ 
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at le as t o ne circumfer e ntial groov e h a v i n g a firs t e dg e and a s e cond edge w ith a sec ond 
pfede term toed-sM^^ surfaGe o f th e tapered-pertio n f l tM tely 

co u p le d to t h e inter na j4tew pass a ge for re ceivin g lubrica nt d u mg-radiat 
e xpans i on and p l ast i c deformation of th e tubular memb e r; wh er e in t h e s e cond 
sMn g angl e is l ess than or e qual t o 30 deg re e s ; 

wher-ej-Fh-the4ubriea^t in the4ea4fflgi^erfof^ from th e lutefican-Ufi 

t h e tap ered p o rt i on . 

1257. The expansion device of claim 1 256, w her e i n l ub r i c a nt is st o r e d i n a r eserv oir wit h a 
magne t ic ceil4ff4he-ex p ansion devtee-afl4-4s4nje^ o f the-expansion 

d e vi c e b e tw een t he tubul ar m emb e r an d t h e e x pansi on d e v iee^ yh e n cu rrent runs through the 



-1^-5&r— T-he-expan-s i o n d e vice of claim 1256, w here in lubricant is stored in a -reservo i r in t h e 
lubrication device a-nd in j ected t h ro ugh^at-lea &t-a-po rtion of the expansion device bet w een the 



1259. The expansion d e v ice o f c l aim 125 6 , w her e in lu b riea nt is s t ore d i n a reservoi r w ith 
et ect r o d^4ha^afe-etectricall y co uple d a c apa c itor i n the e x p ans i o n dev i c e a n d i s inj e ct ed 
t-hfQugh-aMeast-^pQftiQn of the-expami0n-deviGe-betweefv4he tubula^membet^and-the 
e x pansio n device wh e n the capacitors discharges. 

4g£&r35. A method of reducing the coefficient of friction between the expansion device and the 

tubular member during radial expansion to less than 0.08, comprising: 

altering at least one of the elements selected from the group consisting of: expansion 
device geometry, expansion device composition, expansion device surface 
roughness, expansion device texture, expansion device coating, lubricant 
composition, lubricant environmental issues, lubricant frictional modifiers, tubular 
member roughness, and tubular member coating. 

1 26 1. The m ethod o f claim 1 2 60, w hereif^ufefieant is s t oreeMf^a-resefvei-r ^/ i t h a ma gn^tic-coii 
in4he-expam i o n deviee-a nd is inje cted thro ugh at least a p o rt io n o f th e e x p ansi on d evi ce 
betweerf-the4ub^af-fflem ber a nd4ke-expafre49Fi-^^ magnetic 

ctcdi- 
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1 262": Tho method of c lalm 1 260 , wh ore^n luhrio a"nt4s s t* o r e d \v\ a (4j"fen oatlor^ 

4evtee^d^fije€ted4lTO a portion of the e x pansio n d e vice bet ween t h e t u bu lar 

member-a-nd t h e e xpansio n devi ce w hen v aporized. 

1 26 3. The m ethod of c l a im 1 2 6 & r j whereif^4bffe^ tha t 
are-etectrte a ll y cou pl ed a-€apa€iter4rHtfoe-exp^^ t h rough-at4easi-a 

port i o n o f t he-expar&ion de vi ce b etw e e n t h e tu bu l a r memb e r an d th e ex pan s ion devi ce w hen 
tee-Ga^aeiters-d^setergesv 

4-2§4t36. A system for radially expanding and plastically deforming a tubular member 
having a non-uniform wall thickness, comprising: 

an expansion device having one or more expansion surfaces and a tapered portion 

having a tapered faceted polygonal outer expansion surface in the interior 

surface of the tubular member. 

4^§§^l^e-system-^-elal m 126 4, add i t io na lly co m pri s i n g: 

l ubr icarvkbetweeR-the tub u lar-m ember and t h e expans i on d e vice. 

4 266. The syst e m of claim 1265, w herein the lu bricant compris es o il bas e d. 

1 267. The sy s te m o f clai m 1265, w hereii^fee4B&fte afti compri s e s H i-oik 

4- 268. Th e syste m of c l aim 1265, w hefelf^the4uhfteaRkGomfiffee s H2 oi l. 

4^68^The-syster n of claim 1265 r^where in the lu brteaf#^ompflses H3 oik 

4-2 70. Th e system of claiffH42§§ r whef^^ 

1271 . Th e s ys tem o f claim 1265, wh e r ei n th e lubricant comprises H5 oil. 

1 272. The sy-&tem-of-€laim-^ 

1273. T he s yst em o f c lai m 126 5 , w herein the lubricant compri s e s H7 o llr 
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- 1275. T h e syst e m of cl aim 1265, w here in th e lubric a nt comprisea-water b a s edr 

1276. Th e s y stem o f cl a im 1265, wh e re i n th e l ubricant c omp ri s e s dr i llin g m udr 

1277. The-system-o^Glaii n 1265, whereiR4he4ubRGant-Gom 

1278. Th e sy s t e m of claim 1265, wherein the l ubricant comprises drilling mud and solid 
lubricant Sr 

1279. Th e system of c l aim 1265, w h e re i n th e l u bri c an t c om prises-gfease co mbin e d with a so l id 

I nhricQ n.t_ 

a oo f in 0 /-, M nh/hHpni im 

Disulfid e. 

12 82 . The syste m of clai m 12 64, addit i ona ll y compri s in g^ 

12 8 3. T he syst e m of claim 1282, w here in the coating comprises P hyg en f ilm . 

1 2 84. T he s ys te m of claim 1264, additio natl y comprising: 
a-aea t ing on4ha4ufeufa4^embeF7 

128 5 . The-system-efalai m 1 2g4 T ~whefein the coating comprises-PTPEr 
4286^-The-ays t e m o f c l ai m 1 284r-whefw^4^ basedr 
4287. The-ays tem o f claim 1285, wherein-the coat i ng-aemfi hs e s g rap hite~base4r 
428§^— T-he-s-y&te m o f -elaim 1264, w herein the expanaian-davfee-eem^ises DC53 ma t erial 



H.^i m 1 PR /I. \A/hprpin t Hp py nnnQinn Hp\/i pp ro m nriQPQ r 



ite ri a l. 
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1290. The system-of-elaim 1264T^hefein the e x pansion device comprises DC3 material 

1291 . Th e s y ste m of claim 1261, wh e r e in th e e xpans i on devic e com pr ises DC S ma t e ri a l . 
4-2-92-r-^Trie s ys tem o f cl a im 1264, wfoer-eiR4he--ex^ 

12 9 3. Ths-system-of c l a i m 1261, whemfn-the-expansien-devtee comprises M2 matenalr 

1294. The syst e m of c l aim 126 4 , wherein the expansion devic e compris es C PM M A material . 
4-295r--4he-SYste m of cl ai m 1 26 4, w-hefeifrthe-expai^io^ 

1 lA/h orQ i n t h£* PY n g n c i a n Hp*\/ipp rnmnriQP^ an finiQh 

WTTVi v^- ill L I I \ — • V-J/xLJoti IOIUI ! V4\_/ v O vZ7 III p* IKJ " O O II I XlZZ t An f 1 1 I iCjl IT 

12 9 8. The system o f cl a im 1264, wi-ief-eir-Uhe-^^ fi n is h. 

12 9 9. The system-of-etalm 1264, wherein the expansion-device has a-felatively-smeeth surface 
roughness^ 

4-3& Q. Th e system of cl a im 1264 r AA/riere i n t h e-expansten~de v i ce ha s-chrelati-vely-smooth su r face 
roug h ness a nd i n cludes re lati v e ly e v e nly spa ce o i l po ck ets. 

1301. The system of claim 126 4 , w h e rein the e x pansion d evi ce has a smooth surf a ce 
roughness in the-range-of 0.02 to 0.1 micrometers 

1 3 02. T h e s y s t em-exclaim 1264, w herei n lubri cant is in jected thro ug h a t le ast a p ort i on of the 
expansion-4evtee42otwee^ and th e e xpansi on device^ 

4-303. T h e system o f claim 1264, wherein lubricant~is4fi}eet e d thro ugri-at-least a portion of-4-he 
e-xpamieB-de-v-tee-be^ the exp a nsion device wrien-a 

pfedetermined lub r ica nt pre ssur e is met. 
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- 1 30 4. The system of claim 1 264 , w herein lubricant is injec t ed thro u g h at least t wo p o rt iens-ef 
the-expafss-ion-device between4he-fabular member and the-expansion device at two-dtffefeRt 
p re s s~ur e s 

130 5. Th e system of c lai m 1 26 4, w here in the e xp a nsi o n dev i c e co mp rise s : 
a4aper^d-peffefHA/#l^^ 
int e rnal flow -passage in the tap e r e d p o rt io n ; a n d 

a44eas^R^ifGumfefentiat^rQOve^haviBg a firs^edge and a second-ed§e4^mg^fth-a 
s li ding a ngle o n t he o u t e r surface of the tapered portio n f l ui dicl y coupl ed t o th e 
internal flow passage for receiving l ub r i c ant during radia l expansion and p l asti e 
defo miat io n -o f the tub u lar m e mb er; 



I nternal fl o w pa ss age f or re c ei vin g l ubri ca nt-dur m g rad ia l e xpan s i o n a nd pla stic 
•wherein the-$H4if*§-^^ 

1 307. The system of c la-i t n 1264, ad-dttien al ly comprising 

l ubr i cant betw ee n the tubula r m em b er a n d the e x pa n sio n device, comprising at l e ast 
fflne-eoffl-ponents-sele c ted from the gr oup consistiRg-oft- 
a base oil; metal deactivat or; antioxid ants; sul furized n a tural oils; phos p h ate 

estef^frespheriG-aGkt^ 

de fo am e r; and carbo x ylic acid soaps, 

1308 . T h e systefn^Glaim-4^€4 T ^he re i n lubr i c a n t is s to red in anresefveif-wtt^ 
aFe-eteotriGally---Geupte4-^-GapaGter in t he expansion-device^d-teHfvjec t e d t hfeugh-a-Ue as t a 
portioR-e^the expan sio n d e v ice betweeR-4he tubular member and th e e xpa ns i on d e v i c e-whe-R 
the-capaciters discharge 







^dge-haviRg-with-a 




f c l a i m 12 64, wh e n 



i iHt mpmhpt* rnmnriQPQ \a/< 
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1310. The system of-elaiffl-1 264, wherein th e tubu l a r m ember co mpris e s a pip e lin e . 

1311. Th e s yst em of claim 126 4 , wher e in t h e tu b ul ar me m ber c ompris e s a st r uctural support, 
4S-1 2. The~e y st e m o f c l ai m 1 2 64, w foefeii^the-expaf^ 

1313. 37. A method of radially expanding and plastically deforming a tubular member 
having a non-uniform wall thickness, comprising: 

positioning an expansion device having one or more expansion surfaces and a tapered 
portion having a tapered faceted polygonal outer expansion surface in the interior 
surface of the tubular member; and 
displacing the expansion device relative to the tubular member to radially expand and 
plastically deform the tubular member. 

IQ^Ld Th p m pth nH r>f Hn i m 13 13 .^H ri itin n all x / pomori^inrr 

Injecti- ng lub r i cant b et we e n the t ubula r m em b e r a n d th eexpaRsjen-deviee^- 

1315. The method of c laim 1210, wh e r e i n the lubricant comprises o il b ased. 

- 1316. T fre^ethed-e f c la im 1315r-wkefeif^ H1 oil. 

1317. Th e-m e thod of clai m 1315, w herein the4ub r ican£-G€CT-pr4se s H2 oil 

1318. Thefflethod o f claim 1315, whefeifhthe lu bric a n t c o m pri se s H 3 -oilr 

4-34- Q. Th e-method of cla-fffi 1315, wherein t he 4u^eatt^eefflfrRses444-^ 

1320. Th e method-of-olaim 131-§rwhefein4^e-bbr-ic a nt comprise s H5 o i l. 

1321 > The m etho d of cla i m 1 31 5 , w herefR-the4ub-pi cant co mpfise$-H6-Qilr 

1 3 2 2. Tfre-methed-ef-eta^ compri s es H7 oik- 

^efefn the l^jbriGant'Gom pr i s e s gre aser 
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1324. The method of ciaim 131 5 , w herein the lubricafii-Gompfises-water basedr 
4-32§^^h€H^e#*odH3^a^ 

4-326. The-method of~olaim 1315, w hefeii^the4ubfi^^ 

1327. T fre-method-o f cla im 13 1 5, wbefein the lubricant co mpris e s dr i lling m ud^and-solid 
lubrican ts . 

1328. Th e m ethod of c l a i m 1315, w herein th e lu brica n t co m pr is e s grease combin e d ^with^a 

-1~33Q^-T-he-methQd o f c l aim 1315, wh ere i n t he-lubfieant incl u d e s at 4easM^%44otybdeiwm 
Bfeutfidev 

4-3 31. Th e method of cl ai m 1313, ad d i tionally comprisin g 

applying a coating on the-expansien-devtee-prior to po s itiornng-wi thin th e tu -butaf 
mem-befr 

1332. Th e met h o d of claim 1331x^4^^4^ fil m . 

1 333. T he-method o f cla i m 1313, additlenally-Gompfisfng 

app l ying a c oating on th e tu b ul ar m e m be r prior to p o sitioning th e expansion d e vic e 
within the tubutef-membefr 

1 334 . The-fnethod-o^elai m 1 33 3 r^emifHth€^ 

1335. T he-method-of-olai m 1333, w hereifh-t h e coating comptises-P-TFE b as edr 

-1336. T h e m ethod of clai m 1 3 33, w herein the-coatfng^mprises-gra^ite^^a^dr 

qe-method-of-otaifn 1313, w hereff^the-e^pan^ 
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433§^Tbe-fflethod-^^ wh &fein the-expansion device c om p r i s es DC 2 mate r ia l 

1339. Th e method of claim 1313, wh e rein the expansi o n device comprises D C3 mat e rial; 
434Q. T h ^metoed o f claim 131 3 , v\4w^if^he-expansio 

4344. — The-metbed-Qf claim 134 3^-wherein the-expansion-de vic e co mp ri s es DC7 material 
43 42. The method of claim 1313, wh e rein the expansion d e v i c e com prises M2 mater i a l . 
1343 . Th e-methed-of-claim 134£r-wkerein the expansien-devtee-ecm prises CPM M4 mat erial. 
434 4 . T h e-fRefeed-o f cl a im 1313, w herein the expansion d evice comprises 1 0V-mate-rial 
4- 345. T he-mathed of c l ai m 1 31 3r-wkefem the expansion-devi c e co m p ri ses 3 V m aterial 



-1347. The-fflethod-o f claim 134 3, w herein t he exp a n s ion-devi c e c omp r ises a-proces s ed-fin-fshr 

1348. Th e-method-ele laim 1313, w h er e in th e expa nsio n dev ice has-a-f el a t ive ly sm o oth 
surfaee-roug h n e s s . 

-1 349. V ae^e&Q&QteMpc^ i n the expa^erhdeviee4^as-a-rel^^ 

s u rf ac e rou gh n es s and includ e s relativ e ly e v e n l y space oil pock e ts. 

1350. Th e-methed-ef^lai^^ expansteR-device has a smo o th s urf ace 

Feughness in the rang e of 0.02 to 0.1 m i crometers 

43 5 1 . T 4ie-method-€^tatm~- 1 313, addifeRatiy-oerf^rising^ 

ifijeetmg4u^riea^Uh-reu §h at l eas^a-pofUon-el-the-expa n s i on d eviee-betwee n t he tubu lar 




memkef-and4he expansio n device^ 



1 35 2 . Th e -methed of c laim 131 3, additional ly com prising^ 
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a nQ i nn H p\/ipp h pf\ A /ppn th p t i ihnLcir 

m e m ber and the expa n sierv^eviee^fren a p re4etef mme^^bf teafi^pfes&bffe4s 

moL 

4^ 353. T ^me#^d-^ela4ffi-1 3 13 , additio n ally compris i ng : 

ifqecfeg-b^RGant t h rob*g&~a£4east4wo po rti oBS-9f4fre-expa n si on d e v ice b etw ee n toe 
tubul ar m e mbe r an d th e exp a nsion device at4wo differen^-p r e s s u resr 



135 4. The m e th od of claim 1313, w herein the e xpansion deviee, comprises: 
a4apefed~p ortion w ith an outef-swfaoei 
i nter n a l f l ow passa g e in t h e t a p e r e d portio n; and 

sli ding an gle o n t he-oute^utface o£4he4a-p e red popUon-fMdfet^c o up l ed to t h e 
intemat4 tew p a ss age f or r e c ei ving lubricant during radi al expansion a n d pl a stte 

HpfnrrYi^tir>n o f f hp ft ihi iLor m prnhftn 

UCIUl \ i to trtrrr^f 1 rnr~ ccrfc/U la! rrrC7 J { Ik/^rrj 



1355. The me t ho d of cla i m 1313, w herein th e ex p ans i on d evi c e , co m prises: 
i nt e rnal fl ow pas s ag e in th e taper e d portion; and 

ayeast^e-Gire^mfefenfe a-ffcst-edge and a-second edge havffi§-wifra 

s l i d i n g a ng l e o n the o ut er surface of the tape r ed po rtion fl uidi cl y c oupled to th e 

d e formation o f th e tubula r memb er; 
wherein the-sti-d i ng an§4e~te4ess4tafHar-~eq u a I to 10 degrees 

4-35&t~^ 

i njectin g l ubri ca nt b e tw ee n the tu bul a r m e m ber and the e x p ans i on d e vi ce, c e mffrtsfRf-al 
least n i ne eomponen-t-^-seleet-ed^m 

a- bas e o i l; meta l d e act ivator; a ntioxi ctant s; s u If uffeed-Fvatufaj-oilsi-fihQsptete 
est e r; p ho s p ho ric acid ; visc o sity m odi f i er ; pour-poin-t^epressan^ 
defo am ef^a^4-cafbo x ylic a cid s o a ps. 



1 357. Th e m e t ho d of cl ai m 1 3t gr-w he rei n lubrica n t is s t or e d in a resep/olf^l^leGtf^des4tot 
afe^leetriG0llY-cey^le4^ 
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ebargir 

dis ch a r gin g t he c apac i t o r throug h th e elootrode s ; and 

mjBGtog4l^e4yfericant through at least a portion of the ex p ansionndevioe-betwe en the 
tub ul ar m emb e r and t h e e xp a n si on d evice w h en tho capac i to rs discharges, 

4^&&^H^^met-ho€t-0^Gla-ffri 1313, w berein4he tub u laf-fflembeFeemfiri s e s a ^weUbore-easmgr 

4S§97~-tte~mette^^ 

4360r--^o^efe^^ 

-^3€4-T---Th-e met-bod-of---^ 

4362. A n~expansion~4e v ice for r ad ially expanding and plasticall y -deformi ng a tub u l a r member 
a4a-pered portion w it h a n outer surfac e ; 

aMea st o ne-c-f r€umf e rent-faj-g mo-ve-ha v i n g a f i rs t odg o- an d a seeo n d e dge -wttb-a 

predetermined-slidin g angle on t h e o u t er-su rfac e of th e t ap ered p orti on f kMfety 

expansion and plastio-deformation o^tbe4u bular member 
w her e i n th e sliding an g le is less than o r e q ual to 30 de gr e es; and 

eapaoi tor in th e expansio n d e v i c e an d is i nj ec te d th ro ugh at le a st a p o rt ion of th e 

expaFHsiGFM=Jevi€e-betwe 

t he c apa c it ors di s c h a rges . 

1363. An expansi on device f o r r a dia lly e xp an di ng a n d p l astic a ll y def orm i ng a t u bul ar m emb er, 

a4ea ding p orti o n wit h an ou t e r su rface; 
w*tefnaf4lowf>^^ 

a^eas^Re^reumferentia^reoYo on t be- out o r surfa ee-o f the ta pered-pertfon-fo i dicly 
€ou-ple4-to4ho4ntefnal4low-pa&sage for reeeiv4ng~fa^fteaf>Mwng-fad-ial 
expansion and plastic d eformat i on of the4ubular member 
a4apered-portiofMA4tb-anoBter surface^ 
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ifrtemal4lew-passa^ 

ai-te as t on e ci rcumfer e r> tia<-gfQeve-Qfi-fee-ey-te r surf ace of the-tapered p o rt ion-fl-uldtely 
co u p led to th e-ifrte mal fl o w passa ge-foF-reeeiv i ng lu b ri cant du rfng-radlal 
expansi on an d p l ast ic d e formation of the tubu lar m e m be r^ 

wherei n lubr ican t is s to fed- in a r e se r v o ir w ith e l ectrodes t h a t afe e le ctri ca ll y c o u-pled-a 
ea^€iter4R4he-exfiaf^f^evi€e-a nd is in jected-thfQugh at l eas^a-portioR-o^he 
expa ns i on device betwee n the tub ul ar memb e r a nd t he exp an^ieff-de vi ce wh e n 
the capacitors discharges 



4^§4r---AR~e-xpafiS4on-devi€e for racfel^expa^4ffi§-and-^la^ieajl y deforming^ubulaf-membefr 
compris in g: 

a4eadif}g--pG^^^^^ 

mtefn al fl o w passage i n4he-teadiB§-po rti o n ; 

aMeast one ci r cu-mferefrtfa^greove on t he ou ter s urfa ce o £ 4he4 a pered portioR-fl-uidlely 
c oupl ed t o the- intema t-flow-passag^ d urin g radi al 

expansion-and plastic d ef or-ma tiorf--ef4he-tu bu I a r member 

a4apered portion- with an o ut er s urf a ce^ 

i-n-te r n a l-f low-p a s s a g€H n4he4a per-e d p or ti on; and 

at-ieast on e ci r^imfere ntial gr oov e o n the o ut er swface of th e tape red portion-feidiely 

expansion-and-pla stic deform ation of the4u-bujaf-membef7 
wh e r e in th e lubrica nt in the l e adin g p ortio n is at pressur e differe nt f rom t h e lubricant in 

the4apered po r tio n , and 
wh er e in l u brica nt is stor e d in a re s e r voi-MA / i th e l ect rod e s that a re e l ec trically coupl e d a 




the-Gapaeitefs-di&Ghafge-ST 



comp r is i ng : 

a-tea-ding-portion^ 

intema44tew-pa&sage in t h e4ea ding port i e re 

at l eas t one^ffeufnfefeftfial--gfQ O ve on the-out-ef-swface o f the4apefed-poFt ion f lu i dicly 
coupled to the4fttefBal4lew passage for receiving lubricant dumg-mdial 
expans io n an d plastiG^feffmttefi^f4he-tu^af-memb^ 
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?9ftiefl-wi t h a n-efcrief-ewfesei 

a-Me ast o n e ci r cum f ere ntial groove havin g a fir st ~ed§e and a se cond e dge w i th a seco nd 
pr e d e termin ed sl id i ng angl e on th e out e r surface of the t ap e re d p o rtion flu id icl y 
c o u p l e d to the internal flow passage for r e cei vin g lubr ic an t du r i n g r a d i a l 
exp a nsion and plastic deformation of the tubu l ar m e mber; wher e in the s e cond 
sli ding an §te is less than or e qual to 30 d e gr ee^ 

wh e r e in lu bri cant is st ofed in a reservoif-wk h electredes-tha t ar e e l ec tri c al l y coup led a 
capa cit or in t he e xpansion dovte e and is inject ed thr ou g h at l e a s t a portion of th e 
expansion deviee-betweefHthe-tufeular m embe^and the expansiGFhdeviGe-whe-n 
the cap aci t o r s d isch a rges. 

1366. An ex p a nsion de-vice fo r radial l y e xpan 4if^§-aB4-ptestfsa lly d e fo rmi ng a t ubu lar me m be r, 

a-teading-portion with an o ut e r su rfae&j- 
internal flo w passag e in th e leadin g portion; 

at l eas t one cir cu mf efe nt i a l gr o ove on th e out e r s urface of th&4ape r ed portio n fl uidiely 
coupled to4 h e in t ernal-flew p as sage-for r ece iv i n g-lubr i can t d ur i ng radial 
expansion and pla sfe4efor ma tion of t h e t u bu l a wtemfeefi 

a tnnprp H nn rtlnn with an ont^r qi irfoPA* 

o to pui vis\j uui uvji i v v iti 1 crrt t/t* ten orctt re* v7\3»y 

internal" - f 1 0W"passage in the tapered po rt \ o - and 

at least one circumfer e nt ia l g roo v e having a first e dg e and a s e co nd edge w i t h a s econd 

Qr-AdAtprnriinpH diHinn annlp^ on fhg* cwii&r qi irfr^ f^P* P i f fH ^ f.TnorQfj portion fli itrltr^iw. 
pi cuuici 1 1 in icu oiiuiliU ai iljicj ui I u ic? \JkJ LcJl otnTOt*c~ui trtCJ — idpClcti pc/rttv/tj — nt^CTrory* 

coupled to th e i n te rnal fl o w p assag e for r e ceiving l ubri can t duri n g r ad i a l 
ex-paf^ion-and-pjast-i^ ef orma t i o n o f 4h e tub ula^fflembefHA^ r e i n the second 
slidi n g ang l e is l ess t ha n or e qual to 30 d e gr ee s., 
wherein l ubri c ant i s s tored in a r e s er v oir w i th e l e ct r od e s that are el e ctrically coupled a 
capacitor i n t he e xp ansion device a nd is inj e cte d through at least a portion of the 
e xpansion device be tw ee n th e tubu l ar m e mber and the expansion d e vic e w h en 
the-eapaei t ors disc ha r g es 

44E6 7. An e xpans i on d e v i c e fe ^radiall y e x p anding and p lastically-defo rming a tu bula r m ember 
comprising^ 

a-loading-portiofH/vith an outer surface; 

int e rna l flow passag e in the le ading portion; 
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at least o n e circumfer e ntia l~graeve-o^ p o rti o n fluidi ety 

exp a n s i on a nd p lestie-defor m a t ion of th e t u b ul ar m e mb e r from th e i ntern al fl ow 

a tap e red -port i on w ith an outer surfa ce^ 
in ternal f lo w pass a ge-in-the-t-a pe re d p o rtienf-a-nd 

at l e as t one ci rcu mfere ntial gro o v e having a f i rst -ed^e-and a s econd e d ge^/ vi th a se con d 
predet e rmin ed s lidin g a ngle on t he o ute r s w face of th e t a p er ed port i on fluidicly 
coupled to the i nt e rnal f l ow p a ssage for r e c e iv i n g l u br i c ant during radia l 
expaf^siGn-and--p testio-def or ma t i o n of4he4ubular--membefHA/}qefefn the second 
s li ding an §-le is le s s than or eq u al t o 3 0 deg^ees^ 

v#*efeifv4he-k^^ 

the ta-pered p ortioiva-nd 

wberefn4ufefi-G ant i s s t ore d 4fHa-i^efvoliMA^ th e l e ct rodes4h at are electrical l y couple^a 
cafiaofteHff-the-expafis-te n d e v i c e and is injected thr o u gl :: HaMeas t a p ort i on -eKhe 
exp a n s ien-deviee-between the tubular member and t h e ex p ansion device when 
the capac it or s dischar ge s 

38. A method of increasing a collapse strength of a tubular member after a radial 
expansion and plastic deformation of the tubular member using an expansion device, 
comprisi ng: 

reducing a coefficient of friction between the tubular member and the expansion 
device during the radial expansion and plastic deformation of the tubular 
member: and 

1368. A syst em-feFr adial l y e xpan dif^and p las tica lly d ef ormi ng-a reducing a ratio of a 
diameterpf the tubular member having n o n - uniform io_a wall thickness T 
cempfiem^mean^ 

expansion s urf aces and a tapered p ort i o n having a tape r ed f ace t e d p ol ygona l 
out e r e xpansion surfac e in th e int e rior surface of the tubular member; and mea n s 
f or d is p l a ciB§4foe e x p ans ion deviee-refative4o-the tubu laf-member t o r adial ly 
ex p and and plas-tieall-y^eferR^the4uteula-^membef. 

4^&§t39, A system for radially expanding and plastically deforming a tubular member, 
comprising: 
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a tubular member: and 

an expansion c on e o f -P5g-fflater ia l h avin g a ph ygen-Geati-Rg an d an REM 4fBte-hi 
W-otiT device positioned within the tubular member: 

wherein the coefficient of friction between the tubular member te-eeated-wlth 
Pfffe and theexpansion device is les^sthan 0.075; and 

4^§9rWV-systefFHfef^ 

ha vi ng a non - u nif or m w a l l t hi ck n e s s, com p ris in^ wherein the ratio o f the 
diameter of the tubular member to a wall thickness of the tubular member 
is less than 21.6. 

40. A method of radially expanding and plastically deforming a tubular memberjjsing 

an expansion device* comprising a plurality of circurnfereffelly^paeed apart expansion 

quenching and tempering the tubular member; 

positioning the tubular member within a preexisting structure: and 

radiajjy expandin g and plastically deforming the tu bular member, 

41. A radially expandable and plastically deformable tubular member, comprising: 
ayield strength ranging from about 4Q.0 ksi tp 100.0 ksi: 

a_ratio of the yield strength to a tensile strength of the tubular member ranging 
from about 0.40 to 0.86: 

means f or di s pteeto§4fre-e x p a n s ion dev4ee4rv-a longitudinal difeGtioR-reta-ti-v-e to the 
t u b ul ar me m ber duri ng the radial-e x p a nsion and plas ti c d e formati on 
pfQGesSr elongation of the tubular member prior to failure ranging from 
about 14,8% to 35.0%: 

awjdth reduction of the tubular memberjprior to failure ranging from about 30% to 
45.0%: 

a width thickness reduction of the tubular member prior to failure ranges from 

about 3 0.0% to 45%: and 
an anisotropy of the tubular member ranges from about 0.65 to 1.50. 

42. A method of manufacturing a tubular member, comprisin g: 
fabricating a tubular member having intermediate properties: 
positioning the tubular member within a preexisting structure: 

radially expanding and plastically deforming the tubular member within the 
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preexisting structure: and 
baking the tubular member within the preexisting structure to convert one or more. 
oLthe intermediate properties to final properties. 
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